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Stratigraphic framework of the Cambrian and Ordovician
sequence in part of the central Appalachian basin and the
structure of underlying block-faulted basement rocks
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Stratigraphic Framework of Cambrian and
Ordovician Rocks in the Central Appalachian Basin
from Morrow County, Ohio, to Pendleton County,

West Virginia
By Robert T. Ryder

Abstract

A 310-mi-long restored stratigraphic cross section
between Morrow County, Ohio, and Pendleton County,
West Virginia, provides new details of Cambrian and
Ordovician stratigraphy in the central Appalachian basin.
The cross section shows abrupt eastward thickening of the
Cambrian and Ordovician sequence across a northeast-
trending fault-controlled hinge zone, which runs along
the western margin of the Rome trough and coincides
with the Ohio-West Virginia State line. The restored cross
section shows that about 5,000 ft of pre-Middle Ordovi-
cian structural relief separates Precambrian basement
rocks west of the hinge zone from those in the adjoining
Rome trough.

West of the Ohio-West Virginia hinge zone, the
thickness of the Cambrian and Ordovician sequence is
2,700 to 5,000 ft, whereas, east of the hinge zone in the
Rome trough, the thickness of the sequence is 10,500 to
11,300 ft. Sparse subsurface data combined with outcrop
data suggest that the Cambrian and Ordovician sequence
thins across the eastern margin of the Rome trough before
it thickens to about 14,100 ft across a second hinge zone
near the Allegheny structural front in Pendleton County,
West Virginia.

In general, the Cambrian and Ordovician sequence
along this section consists of four major lithofacies that
are predominantly shallow marine to peritidal in origin. In
ascending stratigraphic order, the lithofacies are identi-
fied by the following descriptive names: (1) sandstone,
shale, limestone, and dolomite unit, (2) dolomite and
sandstone unit, (3) limestone and shale unit, and (4) shale
and sandstone unit. Each of these units and most associ-
ated subunits thicken from west to east across the section.

Manuscript approved for publication July 30, 1990.

The sandstone, shale, limestone, and dolomite unit,
which is closely associated with the highly block faulted
Proterozoic basement terrane, is composed, in ascending
order, of the Chilhowee Group, a basal sandstone unit,
the Shady Dolomite, the Rome Formation, and the Cona-
sauga Group (part). This part of the sequence is Early and
Middle Cambrian in age. The dolomite and sandstone unit
forms the core of the Cambrian and Ordovician sequence.
In the eastern part of the section, this unit consists, in
ascending order, of the Middle and Upper Cambrian
Elbrook Dolomite, the Upper Cambrian Gatesburg Forma-
tion, and the Lower to lower Middle Ordovician Beekman-
town Group. In the Rome trough and the adjoining
Ohio-West Virginia hinge zone, the dolomite and sand-
stone unit consists, in ascending order, of the Upper
Cambrian part of the Conasauga Group, the Upper Cam-
brian Gatesburg Formation, and the Lower to lower Mid-
dle Ordovician Beekmantown Group. The well-known
Knox unconformity is located at or near the top of the
Beekmantown Group.

The limestone and shale unit is the thinnest of the
four lithofacies. In ascending order, this unit consists of
the Middle Ordovician St. Paul Group, the Middle Ordo-
vician Black River Group, and the Middle and Upper
Ordovician Trenton Group. The sandstone and shale unit
consists of (1) a lower gray shale unit, the Upper Ordovi-
cian Reedsville Shale; (2) a middle argillaceous sandstone
at the eastern end of the section, the Upper Ordovician
Oswego Sandstone; and (3) an upper red shale, siltstone,
and sandstone unit, the Upper Ordovician Juniata Forma-
tion and its equivalent Queenston Shale.

INTRODUCTION

The central Appalachian basin in Ohio, West Vir-
ginia, and Virginia extends eastward from the Cincinnati
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and Findlay arches on the northwest, across the Rome
trough and the Allegheny structural front, to the allochtho-
nous Blue Ridge terrane on the southeast (fig. 1). A
concealed part of the basin continues eastward for a
minimum of 30 mi beneath the Blue Ridge (Harris and
others, 1982; de Witt and Milici, in press).

Oil and gas exploration in the Ohio and West Virginia
parts of the basin in the 1960’s and 1970’s resulted in the
drilling of a modest number of holes into or near Precam-
brian basement rocks (Calvert, 1964, 1965; Perry, 1964,
Kornfeld, 1974; Oil and Gas Journal, 1967, 1975, 1976).
On the basis of geophysical- and lithologic-log data from
these drill holes, 1 have drawn a 310-mi-long restored
stratigraphic cross section through the Cambrian and Ordo-
vician sequence between Morrow County, Ohio, and Pend-
leton County, West Virginia (section E-E’, fig. 1). The
stratigraphic framework of the Cambrian and Ordovician
sequence along this cross section and, to a lesser extent, the
structure of the underlying block-faulted basement rocks are
the main topics of this paper.

The stratigraphic framework of the Cambrian and
Ordovician sequence presented here is probably the most
comprehensive to date, in terms of both its detail and its
regional perspective. Much of what can be considered
“new” information centers around the character of several
little-studied lithofacies in the Rome trough segment of the
cross section and their correlation with previously described
outcrop or subsurface sequences. I have used existing
nomenclature wherever possible and have recommended
modifications and additions in certain places. Implications
of the sedimentary record concerning early Paleozoic evo-
lution of the Appalachian basin and the eastern continental
margin of North America are not discussed here.

Previous stratigraphic investigations of the Cambrian
and (or) Ordovician Systems that were particularly applica-
ble to my investigation include the work of (1) Calvert
(1962, 1963, 1964, 1965), Janssens (1973), Stith (1979),
Wickstrom and others (1985), and Wickstrom and Gray
(1988) in Ohio; (2) Harris (1959), Prouty and others (1959),
Perry (1964, 1971, 1972), Wagner (1966, 1976), and
Donaldson and others (1975, 1988) in West Virginia; and
(3) Webb (1980) and Sutton (1981) in Kentucky. Informa-
tion relating to compressional structures that affected Cam-
brian and Ordovician strata in West Virginia was provided
by Gwinn (1964), Jacobeen and Kanes (1975), Perry
(1978), Shumaker (1986), Shumaker and others (1985),
and Kulander and Dean (1986).

North American time-stratigraphic units following
Ross and others (1982) are used here for the Ordovician
System rather than the European time-stratigraphic units
used by Palmer (1983) and the COSUNA charts (for
example, see Patchen and others, 1984). European time-
stratigraphic units commonly are not applicable to the
Ordovician of North America (Ross and others, 1984).
Although Ross and others (1982, 1984) do not apply the
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formal terms Lower, Middle, and Upper to the Ordovician,
I identify them on the time-stratigraphic chart shown in
figure 2. Following many Ordovician specialists in North
America (for example, Repetski, 1985; Sweet and Berg-
strom, 1986; Shaw and others, 1990), this paper equates the
Ibexian (Canadian) Series with the Lower Ordovician, the
Whiterockian and Mohawkian Series combined with the
Middle Ordovician, and the Cincinnatian Series with the
Upper Ordovician.

DRILL-HOLE CONTROL FOR SECTION

Section E-E’ (pl. 1), the subject of this paper, is one
of 12 sections that I have drawn (Ryder, 1987, 1988, 1989)
to show the stratigraphic framework of Cambrian and
Ordovician rocks across the Appalachian basin from Penn-
sylvania to Tennessee. The section in this paper is identified
as E-E' in order to maintain continuity with my previous
presentations of Cambrian and Ordovician stratigraphy of
the basin. Twelve drill holes ranging from 5 to 60 mi apart
and from 4,100 to 20,222 ft in depth constitute the control
for section E-E’ (table 1). Eight of the 12 drill holes
penetrated the entire sedimentary cover and bottomed in
crystalline basement rocks of Proterozoic age.

Stratigraphic correlations between drill holes are
based primarily on geophysical logs, whereas lithofacies
patterns between drill holes are based primarily on litho-
logic logs described by the Geological Sample Log Com-
pany (Pittsburgh, Pa.) (table 1) and on cores described by
Harris and Flowers (1956) and Ryder (1988, 1989, in
press). The lithologic character of the basal sandstone unit,
the Shady Dolomite, and the Rome Formation has been
generalized east of the Rome trough from outcrop studies by
Rader and Biggs (1975) and others in adjoining northern
Virginia between the North Mountain fault and the Blue
Ridge (fig. 1).

Section E~E' has been restored to a horizontal datum
located in the middle of the unnamed argillaceous limestone
of the St. Paul Group in West Virginia (pl. 1). At the
western end of section E~E’ in Morrow County, Ohio, the
datum is located at the base of the Black River Limestone
or, in local oil industry terminology, the base of the Gull
River Formation (Ryder, in press).

The United Fuel No. 8800-T Sponaugle (UFS) drill
hole (no. 12, fig. 1, pl. 1, table 1), located at the eastern
end of section E~E’, has been moved about 8 mi east of its
present location to account for westward tectonic transport
along an underlying thrust fault (Perry, 1964; Jacobeen and
Kanes, 1975; Shumaker and others, 1985). In addition,
drilled thicknesses of stratigraphic units in the UFS drill
hole were restored to the approximate true thicknesses
calculated by Perry (1964). Thicknesses of Upper Ordovi-
cian formations in the vicinity of the UFS drill hole were
obtained from outcrop sections described by Prouty (1927)
and Perry (1971).









Upper and Middle Ordovician strata penetrated in the
Hope Natural Gas No. 10,228 West Virginia Medium
Security Prison Farm (HNGPF) drill hole (no. 11, fig. 1, pl.
1, table 1) are also allochthonous (Gwinn, 1964; Shumaker
and others, 1985), but minor palinspastic restoration was
needed because of the 1 mi or less of net westward tectonic
transport. Drilled bed thicknesses of Upper Ordovician
formations in the HNGPF drill hole were converted to their
approximate true thicknesses by removing duplicated inter-
vals caused by minor thrust faults (Gwinn, 1964; Shumaker
and others, 1985).

Except for Middle and Upper Ordovician faunas
described in the Hope Natural Gas No. 9634 Power Oil
Company (HNGP) drill hole (no. 7, fig. 1, pl. 1, table 1) by
Prouty and others (1959) and in outcrop in Pendleton
County, West Virginia, by Kay (1956) and Bretsky (1970),
paleontologic control is lacking in section E~E’. Conse-
quently, ages are assigned to stratigraphic units in section
E-E' by correlating the units with paleontologically dated
horizons that occur in (1) adjoining drill holes, (2) thrust-
faulted strata along the eastern margin of the basin, and (3)
gently warped strata along the western margin of the basin.

BASEMENT STRUCTURE

Details of the block-faulted Proterozoic basement
rocks underlying West Virginia and adjoining Ohio are only
beginning to be understood. Normal faults and associated
fault blocks that intersect section E-E’ (fig. 1, pl. 1) are
based on limited data and, for this reason, are shown as 25-
to 50-mi-long incomplete segments in figure 1. Undoubt-
edly, these structural features will be modified as more
multifold seismic records are published and as wells in and
east of the Rome trough are drilled to the Proterozoic
basement. The block-faulted Precambrian basement rocks
along section E-E' (fig. 1, pl. 1) resulted largely from
Middle Cambrian extensional tectonism (Read, 1989).
Post-Cambrian tectonic events may have reactivated these
faults, as they have done in eastern Kentucky (Sutton,
1981), but the restoration of section E—-E’ to a horizontal
datum in the lower part of the Middle Ordovician sequence
has removed most post-Cambrian basement offset. Accord-
ing to Beardsley and Cable (1983), block faulting of the
basement beneath West Virginia may have been controlled
by normal dip-slip motion along preexisting thrust faults.

Basement rocks in West Virginia and adjoining Ohio
consist largely of metamorphic rocks of Grenville age (1.0
Ga; Middle Proterozoic) (Bass, 1959, 1960; Gates and
Watson, 1975). These basement rocks have been highly
block faulted both within and east of a northeast-trending
hinge zone whose position approximately coincides with the
Ohio-West Virginia State line. The hinge zone, which
consists of several closely spaced normal faults, is identi-
fied in this paper as the Ohio-West Virginia hinge zone (fig.

1, pl. 1) and coincides with the Middle Cambrian hinge of
Read (1989). Before the deposition of the datum horizon in
Middle Ordovician time, about 5,000 ft of structural relief
occurred along section E—E’ between the Middle Protero-
zoic basement rocks west of the Ohio-West Virginia hinge
zone and those to the east in the adjoining Rome trough (pl.
1). In contrast, the present structural relief of basement
rocks across the Ohio-West Virginia hinge zone, in the
vicinity of section E-E’, is about 8,000 ft (Cardwell, 1977).
1 suggest that the majority of the post-Middle Ordovician
increase in structural relief has resulted from the reactiva-
tion of basement faults during middle and late Paleozoic
compressional events. Individual faults that constitute the
hinge zone can be identified on multifold seismic records
(Beardsley and Cable, 1983; Shumaker, 1986; Morris,
1989), and the hinge zone as a whole can be identified on
the aeromagnetic map shown by King and Zietz (1978).

West of the hinge zone in eastern Ohio, the Grenville-
age basement rocks are undoubtedly broken by numerous
normal faults (Sanford and others, 1985; Ahmad and Smith,
1988), but, in general, they have offset basement rocks far
less than those faults within and east of the hinge zone. Near
the western end of section E~E’, a major arch that involves
basement rocks in north-central Ohio plunges southward
into northeastern Kentucky. This arch was named the
Waverly arch (fig. 1) by Woodward (1961); very likely, it
is controlled by basement faults. The Cambridge arch, a
low-relief monoclinal feature in southeastern Ohio (fig. 1),
also may have been controlled by basement faulting (Shu-
maker, 1986).

The three northeast-trending, down-to-the-east nor-
mal faults that compose the hinge zone along section E-E’
(fig. 1, pl. 1) are based on abrupt thickness changes in the
lower part of the Cambrian and Ordovician sequence rather
than on geophysical evidence. Of these three faults, the one
located between the Exxon No. 1 Deem (ED) (no. 8, fig. 1,
pl. 1, table 1) and the Exxon No. 1 McCoy (EM) (no. 9,
fig. 1, pl. 1, table 1) drill holes has created the maximum
vertical separation of basement rocks (fig. 1, pl. 1). Harris
(1975, 1978), Beardsley and Cable (1983), Shumaker
(1986), and Donaldson and others (1988) also have identi-
fied a major fault, in approximately this location, that they
consider to be the western border fault of the Rome trough.
Beardsley and Cable (1983) have suggested that this fault is
one of several en echelon normal faults that define the
western margin of the Rome trough in West Virginia and
Ohio. The fault pattern shown in figure 1 resembles the
distribution of the left-stepping en echelon faults described
by Beardsley and Cable (1983). A north-trending, down-
to-the-east normal fault near the eastern end of Wood
County, W. Va. (Shumaker, 1986; Morris, 1989), also has
strongly influenced the configuration of the western margin
of the Rome trough (fig. 1).

Throughout most of its extent in West Virginia, the
Rome trough is bounded on the east by a conspicuous
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northeast-trending positive magnetic anomaly (King and
Zietz, 1978; Kulander and Dean, 1978). King and Zietz
(1978) have identified this magnetic anomaly as part of the
New York-Alabama lineament, and Kulander and Dean
(1978, 1986) have identified the tectonic feature that
produced the anomaly as the Central West Virginia arch
(fig. 1, pl. 1). Following Shumaker and others (1985), 1
interpret this positive tectonic feature to be a horst block.

A 60-mi-wide area east of the Central West Virginia
arch on the magnetic maps of King and Zietz (1978) and
Kulander and Dean (1978) is characterized by conspicuous
northeast-trending linear anomalies that closely resemble
those anomalies associated with the Rome trough and
adjoining horst blocks. 1 interpret this area as a block-
faulted terrane. Basement structures interpreted in the
block-faulted terrane east of the Central West Virginia arch
consist of a narrow graben located beneath the HNGPF drill
hole and an adjoining horst block—the Eastern West
Virginia arch of Kulander and Dean (1978, 1986), the
eastern margin of which is located beneath the Allegheny
structural front (fig. 1, pl. 1). The Eastern West Virginia
(horst) arch, in conjunction with the adjoining graben east
of the Allegheny structural front, probably represents an
additional hinge zone along section E~E’. This proposed
hinge zone coincides with the Early Cambrian hinge of
Read (1989). The down-to-the-east normal fault that bounds
the eastern side of the proposed hinge zone, along which
Middle Proterozoic basement rocks have been offset as
much as 1,800 ft, was first interpreted by Jacobeen and
Kanes (1975) from seismic data.

THICKNESS CHANGES IN CAMBRIAN AND
ORDOVICIAN SEQUENCE

From west to east, the Cambrian and Ordovician
sequence along section E~E’ shows about a sixfold increase
in thickness (pl. 1). This magnitude of thickening is based
on (1) the 2,700-ft-thick Cambrian and Ordovician
sequence that was penetrated in the United Producing No. 3
Myers (UPM) drill hole (no. 1, fig. 1, pl. 1, table 1) at the
western end of the section and (2) the estimated 14,100-
ft-thick Cambrian and Ordovician sequence at the eastern
end of the section, which was penetrated in part by the UFS
drill hole at the eastern end of the section.

East of the fault-controlled Ohio-West Virginia hinge
zone (pl. 1), much of the total thickening of the sequence
has occurred in the Lower and Middle Cambrian rocks
located at the base of the sequence. Documentation for the
ages assigned in this section is presented in the following
discussion of the stratigraphic framework. The abrupt
thickening of the Lower and Middle Cambrian strata at the
base of the sequence is best documented between the HNGP
and the Exxon No. 1 Gainer-Lee (EGL) (no. 10, fig. 1, pl.
1, table 1) drill holes, which have penetrated about 350 and
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3,400 ft of these strata, respectively (pl. 1). A proposed
down-to-the-east normal fault between the HNGP and the
Amerada No. 1 Ullman (AU) (no. 6, fig. 1, pl. 1, table 1)
drill holes marks the approximate eastern limit of Lower
and Middle Cambrian strata along section E~E’ (pl. 1).

The Lower and Middle Cambrian sequence extends
east of the Rome trough, but its thickness is less certain. 1
suggest that, east of the Rome trough, this sequence thins
across the Central West Virginia arch to about 2,000 ft and
then expands again to about 5,600 ft near the Allegheny
structural front (pl. 1).

Upper Cambrian strata and overlying Ordovician
strata constitute an eastward-thickening wedge of rocks that
extends the length of section E-E’. This part of the total
sequence expands eastward from 2,700 ft in the UPM drill
hole, to 5,200 ft in the HNGP drill hole, to about 8,500 ft
near the UFS drill hole (pl. 1).

Most of the eastward thickening of the Upper Cam-
brian through Upper Ordovician sequence was depositional.
However, some eastward thickening of this sequence was
produced by the westward truncation of progressively older
strata beneath the Knox unconformity (Harris, 1959; Muss-
man and others, 1988; Ryder, in press). For example, in
Morrow County, Ohio, at the western end of section E-E’,
Lower Ordovician rocks have been completely truncated by
the Knox unconformity, so that Middle Ordovician rocks
rest directly on Upper Cambrian rocks (Calvert, 1965;
Dolly and Busch, 1972).

STRATIGRAPHIC FRAMEWORK

Basal Sandstone Unit and Shady Dolomite
(Lower Cambrian)

A 50- to 100-ft-thick basal sandstone and subordinate
gray shale unit and an overlying 300-ft-thick limestone and
gray shale unit, present in the EM and EGL drill holes, are
the oldest drilled sedimentary rocks in section E-E’ (pl. 1).
The sandstone and shale unit rests unconformably on
Middle Proterozoic granitic basement rocks of Grenville
age and is overlain conformably by the limestone and gray
shale unit. The top of the limestone unit is possibly an
unconformity.

The basal sandstone-dominated unit correlates with a
sandstone in the Rome trough of eastern Kentucky that has
been identified as the Basal Sand by Thomas (1960) and
Sutton (1981), the Basal Sandstone by McGuire and Howell
(1963), and the Basal Arkose by Webb (1980). Patchen and
others (1984) and Donaldson and others (1988) applied the
terms basal sandstone and Basal Arkose, respectively, to
correlative sandstone units in the Rome trough of West
Virginia. The Basal Sandstone of McGuire and Howell
(1963) and the basal sandstone of Patchen and others (1984)
are retained in this investigation as the basal sandstone unit.



The overlying limestone and gray shale unit corre-
lates with a sequence dominated by dolomite and limestone
in the Rome trough of eastern Kentucky, which was
identified as the Tomstown Dolomite by Thomas (1960)
and Sutton (1981), the Shady-Tomstown(?) Dolomite by
McGuire and Howell (1963), and the Shady Dolomite by
Webb (1980). Moreover, the limestone and gray shale unit
correlates in the Rome trough of West Virginia with a
carbonate sequence that has been identified as the “Toms-
town” Dolomite and the Shady Limestone by Patchen and
others (1984) and Donaldson and others (1988), respec-
tively. The name Shady Dolomite as applied by Webb
(1980) is preferred here because the limestone and shale
unit and equivalent dolomite(?) units in section £—E' are
correlated more easily—through the Columbia Gas No.
9674-T Mineral Tract (Mingo County, West Virginia) and
the Gulf Oil No. 1 Price (Russell County, Virginia) drill
holes (fig. 1)— with the type locality of the Shady Dolomite
in Johnson County, Tennessee (Keith, 1903), than with the
type locality of the Tomstown Dolomite in Franklin
County, Pennsylvania (Stose, 1906). Where limestone is
predominant over dolomite, as in the limestone and shale
unit, the name limestone of the Shady Dolomite is applied.

The basal sandstone-Shady Dolomite interval is inter-
preted in section E~E' to extend as far east as the Allegheny
structural front (pl. 1). East of the Allegheny structural
front, the basal sandstone unit and the Shady Dolomite
interval presumably correlate with the uppermost part of the
Lower Cambrian Chilhowee Group and the Lower Cam-
brian Shady Dolomite that crops out in northern Virginia
between the North Mountain fault and the Blue Ridge,
respectively (figs. 1, 2) (Butts, 1940; King, 1950; Brent,
1960; Rader, 1982).

I interpret the basal sandstone-Shady Dolomite
sequence shown in section E~E' as a transgressive sequence
that postdates deposition of the estimated 1,800-ft-thick
Lower Cambrian Chilhowee Group and the major down-
to-the-east normal fault of Jacobeen and Kanes (1975) east
of the Allegheny structural front (fig. 1). Normal faults
between the Eastern and Central West Virginia arches of
Kulander and Dean (1978) possibly were initiated during
the latest phase of Chilhowee deposition in middle Early
Cambrian time, but their movement largely postdated dep-
osition of the basal sandstone-Shady Dolomite sequence in
latest Early Cambrian time. Normal faults that bound the
Rome trough and involve the basal sandstone-Shady Dolo-
mite interval are considered here to be latest Early to early
Middle Cambrian in age.

Rome Formation (Lower and Middle Cambrian)

A 1,000- to 1,100-ft-thick sequence of sandstone and
gray, green, and red shale, capped by a 300-ft-thick
argillaceous limestone unit, overlies the limestone of the

Shady Dolomite in the Rome trough segment of section
E-E' (fig. 2). The contact between the Shady Dolomite
and the overlying gray, green, and red shale is possibly
unconformable. The sandstone and shale sequence corre-
lates with a lithologically similar unit in the Rome trough of
eastern Kentucky that has been identified as (1) the lower
part of the Rome Formation by Thomas (1960) and
McGuire and Howell (1963), (2) the Rome Formation by
Webb (1980), and (3) the Elk Horn shale of the Rome by
Sutton (1981). The overlying limestone unit correlates with
a limestone unit in the Rome trough of eastern Kentucky
that has been identified as part of the Rome Formation by
McGuire and Howell (1963) and the lower Rome limestone
by Sutton (1981). In the Rome trough of southwestern West
Virginia, the sandstone and shale unit in section E-E'
correlates with a shale-dominated unit in the Columbia Gas
No. 9674-T Mineral Tract drill hole (fig. 1) that Donaldson
and others (1988) correlated with the Rome Formation and
the overlying Pumpkin Valley Shale of the Conasauga
Group. In addition, the limestone unit in section E-F'
correlates with a limestone unit in the Columbia Gas No.
9674-T Mineral Tract drill hole that Donaldson and others
(1988) identified as the Rutledge Limestone of the Cona-
sauga Group.

The sandstone and shale and the limestone units in
section E~E' are assigned here to the Rome Formation. The
sandstone and shale unit is identified informally as the
unnamed sandstone and shale member, and the limestone
unit is identified informally as the unnamed limestone
member (pl. 1, fig. 2). My definition of the Rome Forma-
tion closely follows that of Webb (1980) and Donaldson and
others (1988), except that it also includes the informal lower
Rome limestone of Sutton (1981), the limestone that Don-
aldson and others (1988) identified as Rutledge Limestone,
and the shale that Donaldson and others (1988) identified as
Pumpkin Valley Shale. The Rome Formation recognized
here is equivalent to approximately the lower one-half of the
Rome Formation (Limestone) of Thomas (1960), McGuire
and Howell (1963), and Sutton (1981) in eastern Kentucky.

An assemblage of fossils consisting of brachiopods,
trilobites and mollusks was recovered from a cored
sequence (17,906 to 17,915 ft) in the Columbia Gas No.
9674-T Mineral Tract drill hole (Donaldson and others,
1975,1988). Donaldson and others (1988, p. 9) stated that
“the fossil data indicate an age of Middle Cambrian for
these shales although the possibility of a Late Cambrian age
also is possible.” This cored sequence of shale and siltstone
is within the Rome Formation of Donaldson and others
(1988) and correlates with the lower one-third of my Rome
Formation in the EM and EGL drill holes (pl. 1). Therefore,
judging from these fossil data, I consider the Rome Forma-
tion in the Rome trough segment of section E-E’ to be
Middle Cambrian in age (pl. 1, fig. 2). However, a late
Early Cambrian age cannot be ruled out.
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At the western margin of the Rome trough, the Rome
Formation climbs abruptly upsection at the expense of five
units of the overlying Conasauga Group and steps westward
across progressively higher fault blocks of the adjoining
Ohio-West Virginia hinge zone. The most abrupt thickening
of the Rome Formation occurs between the EM drill hole
and the easternmost fault of the hinge zone, where the
Rome thickens from 1,300 to about 3,000 ft at the expense
of the Conasauga (pl. 1). The 320- to 1,100-ft-thick Rome
Formation that occupies the Ohio-West Virginia hinge zone
west of the ED drill hole probably terminates against one of
the westernmost faults of the hinge zone (pl. 1). The
uppermost sandstone unit of the Rome apparently extends
west of the Ohio-West Virginia hinge zone, where it rests
on Middle Proterozoic basement rocks. It was named the
Mount Simon Sandstone (Upper Cambrian) by Cohee
(1948).

The thickness and lithology of the undrilled Rome
Formation east of the Rome trough are estimated from (1)
the interpreted geometry of basement-involved fault blocks
(fig. 1) and (2) published outcrop descriptions of the Rome
and Waynesboro Formations in northern Virginia between
the North Mountain fault and the Blue Ridge (King, 1950;
Edmundson and Nunan, 1973; Gathright and Nystrom,
1974). These data suggest that, east of the Rome trough, the
Rome Formation and equivalent units thin abruptly across
the Central West Virginia arch before they thicken eastward
to an estimated 1,600 ft near the Allegheny structural front
(pl. 1). The lower 1,050 ft of the estimated 1,600-ft-thick
sequence near the Allegheny structural front is probably
dominated by sandstone and shale that is equivalent to, or
older than, the unnamed sandstone and shale member in the
Rome trough. In contrast, the upper 550 ft of the estimated
1,600-ft-thick sequence near the Allegheny structural front
is dominated by dolomite that correlates with the unnamed
limestone member of the Rome Formation in the Rome
trough (pl. 1).

Rader and Biggs (1975) concluded that the carbonate-
dominated upper part of the Rome Formation of Edmund-
son and Nunan (1973) and Gathright and Nystrom (1974) in
northern Virginia correlates with the lower part of the
Elbrook Formation (Middle Cambrian) in southern Penn-
sylvania. Consequently, Rader and Biggs (1975) reassigned

<« Figure 2. Correlation of Middle Proterozoic, Cambrian,
and Ordovician rocks along section E-E' and in adjoin-
ing northern Virginia. Absolute age (in Ma) is taken
from the geologic time scale compiled by Palmer (1983).
The time scale is nonlinear. North American time-
stratigraphic units are modified after Ross and others
(1982) and Palmer (1983). Stages: BR, Blackriveran; C,
Chazyan; E, Edenian; K, Kirkfieldian; M, Maysrillian; R,
Rocklandian; Ri, Richmondian; S, Shermanian.
Groups: BRG, Black River Group; SPG, St. Paul Group.
Formations: LW, Lincolnshire and Ward Cove Lime-
stones; PB, Peery and Benbolt Limestones; WW, Witten
Limestone and Wardell Formation.

the part of the Rome Formation dominated by carbonate to
the lower part of the Elbrook Formation and assigned the
name Waynesboro (Rome) Formation to the part of the
Rome Formation dominated by sandstone and shale. In the
area between the Central West Virginia arch and the
Allegheny structural front, I follow Rader and Biggs (1975)
and (1) restrict the Rome Formation to the sandstone and
shale sequence and (2) assign the predominantly dolomite
sequence to the lower part of the Elbrook Dolomite (pl. 1,
fig. 2).

The Rome Formation between the Central West
Virginia arch and the Allegheny structural front is Early(?)
and Middle Cambrian in age. This age assignment is based
on three lines of evidence in addition to the Middle
Cambrian fossils in the Columbia Gas No. 9674-T Mineral
Tract drill hole. First, the Waynesboro (Rome) Formation
in northern Virginia has been assigned an Early Cambrian
age by King (1950) and Rodgers (1956). Second, on the
basis of fossils, Butts (1940) concluded that the Rome
Formation in central Virginia is Early and Middle Cambrian
in age. Third, again on the basis of fossils, Butts (1945)
concluded that the Waynesboro Formation in Blair County,
Pennsylvania (fig. 1), is Early Cambrian in age.

Evidence presented here suggests that the Rome
Formation in section E-E’ is a transgressive sequence, the
age of which ranges from late Early(?) and Middle Cam-
brian near the Allegheny structural front, to Middle Cam-
brian in the Rome trough, to latest Middle Cambrian or
earliest Late Cambrian at the western margin of the Ohio-
West Virginia hinge zone (pl. 1, fig. 2).

Conasauga Group and Elbrook Dolomite (Middle
and Upper Cambrian)

A 2,400- to 2,800-ft-thick sequence of gray shale,
limestone, dolomite, and an argillaceous siltstone conform-
ity overlies the Rome Formation in the Rome trough
segment of section E~E’ (pl. 1). This sequence correlates in
the Rome trough of eastern Kentucky with a shale and
limestone sequence that has been identified as the upper part
of the Rome Formation by Thomas (1960} and McGuire and
Howell (1963), the Conasauga Group by Webb (1980), and
the upper part of the Rome by Sutton (1981). Sutton (1981)
subdivided the upper part of the Rome into three informal
units, which he named, in ascending order, Signal shale,
sandy Rome, and Rome limestone.

Another correlative of the 2,400- to 2,800-ft-thick
sequence of shale, carbonate, and siltstone in section F~E’
is a shale and limestone sequence that was penetrated in the
Rome trough of southwestern West Virginia by the Colum-
bia Gas No. 9674-T Mineral Tract drill hole (fig. 1).
Donaldson and others (1988) assigned this sequence to the
Conasauga Group.
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I conclude that Webb (1980) and Donaldson and
others (1988) have correctly applied the term Conasauga
Group, as used in the thrust belt of eastern Tennessee by
Rodgers and Kent (1948) and Rodgers (1953), to strata in
the Rome trough. Consequently, I use the term Conasauga
Group for the 2,400- to 2,800-ft-thick sequence of shale,
carbonate, and siltstone in the Rome trough segment of
section E~E’' (pl. 1). Four of the six formations that
compose the Conasauga Group in the Thorn Hill section in
Grainger County, Tennessee (fig. 1) (Walker, 1985), are
recognized in the strata assigned to the Conasauga Group in
section E~E’. In ascending order, these four formations are
the Pumpkin Valley Shale, the Rutledge Limestone, the
Rogersville Shale, and the Maryville Limestone (pl. 1, fig.
2).

Minor differences in Conasauga Group stratigraphy,
as proposed in this study and by Webb (1980) and Donald-
son and others (1988), stem largely from the stratigraphic
assignment of the first thick limestone unit above the
sandstone and shale sequence of the Rome Formation. For
example, Webb (1980) and Donaldson and others (1988)
included this limestone unit in the lower part of their
Conasauga Group, whereas I assign it to the upper part of
the Rome Formation (unnamed limestone member). Con-
sequently, in my study, the base of the Conasauga Group,
which I place at the top of the unnamed limestone member
of the Rome Formation, is about 300 ft higher stratigraph-
ically than the base of the Conasauga Group of Webb
(1980) and Donaldson and others (1988). The Rome-
Conasauga contact proposed here is more consistent with
outcrop data in eastern Tennessee (Rodgers, 1953; Walker,
1985) and southwestern Virginia (Butts, 1940) than the
contact proposed by Webb (1980) and Donaldson and
others (1988) is.

The Pumpkin Valley Shale in section E-E’ consists of
a 50- to 100-ft-thick unit of gray shale and siltstone (pl. 1).
This unit correlates with (1) a 180-ft-thick shale in the U.S.
Signal Oil No. 1 Elkhorn Coal Corporation drill hole in
Johnson County, Kentucky (fig. 1), assigned to the Rog-
ersville Shale by Webb (1980) and to the Signal shale unit
of the Rome Formation by Sutton (1981) and (2) a 250-
ft-thick shale in the Columbia Gas No. 9674-T Mineral
Tract drill hole assigned to the Rogersville Shale by
Donaldson and others (1988).

The Rutledge Limestone in section E-E' ranges from
200 to 300 ft in thickness and consists of micritic limestone
and sandstone (pl. 1). This unit correlates with (1) a
950-ft-thick argillaceous, sandy limestone, which was
assigned to the lower two-thirds of the Maryville Limestone
by Webb (1980) and to the sandy Rome unit of the Rome
Formation by Sutton (1981) in the U.S. Signal Oil No. 1
Elkhorn Coal Corporation drill hole and (2) a 1,200 ft-thick
limestone, which was assigned to the lower one-quarter of
the Maryville Limestone by Donaldson and others (1988) in
the Columbia Gas No. 9674-T Mineral Tract drill hole.
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The Rogersville Shale in section E~E’ consists of a
600- to 700-ft-thick sequence of siltstone, shale, and
micritic limestone (pl. 1). It correlates with (1) a 600-
ft-thick sequence of shale, micritic limestone, and siltstone
in the U.S. Signal Oil No. 1 Elkhorn Coal Corporation drill
hole assigned to the upper one-third of the Maryville
Limestone by Webb (1980) and to the uppermost part of the
sandy Rome and the lower one-quarter of the Rome
limestone unit of the Rome Formation by Sutton (1981) and
(2) a 750-ft-thick sequence of shale, siltstone, and micritic
limestone in the Columbia Gas No. 9674-T Mineral Tract
drill hole that Donaldson and others (1988) assigned to the
lower middle part of the Maryville Limestone.

The Maryville Limestone in section E-E’ consists of
a 1,500- to 1,600-ft-thick carbonate sequence. The lower
one-third of the carbonate sequence consists predominantly
of limestone designated here as the unnamed limestone
member, whereas the upper two-thirds of the sequence
consists predominantly of dolomite designated here as the
unnamed dolomite member (pl. 1). Several 10- to 20-
ft-thick sandstone beds occupy the middle part of the
Maryville Limestone. The Maryville Limestone in section
E-E' correlates with (1) a 1,750-ft-thick sequence of
micritic limestone and shale in the U.S. Signal Oil No. 1
Elkhorn Coal Corporation drill hole assigned to the Elbrook
Limestone by Webb (1980) and to the upper three-quarters
of the Rome limestone unit of the Rome Formation by
Sutton (1981) and (2) a 2,500-ft-thick sequence of micritic
limestone and shale in the Columbia Gas No. 9674-T
Mineral Tract drill hole that Donaldson and others (1988)
assigned to the upper one-half of the Maryville Limestone.

The 240- to 380-ft-thick sandstone-dominated
sequence that overlies the Maryville Limestone in section
E-E’ correlates with the Nolichucky Shale of the Cona-
sauga Group in the thrust belt of eastern Tennessee (Rod-
gers and Kent, 1948; Rodgers, 1953; Walker, 1985) and
southwestern Virginia (Butts, 1940) and in the Rome trough
of eastern Kentucky (Webb, 1980; Sutton, 1981) and of
southwestern West Virginia (Donaldson and others, 1988).
This sandstone-dominated sequence also correlates with the
lower sandy member of the Gatesburg Formation in Penn-
sylvania (Wilson, 1952; Wagner, 1966, 1976). Because of
the abundance of quartzose sandstone, I believe that the
lower sandy member of the Gatesburg Formation is a more
appropriate name for this sequence than Nolichucky Shale,
and the unit is so shown on section E~E’. Additional details
of the lower sandy member and the remainder of the
Gatesburg are discussed in the following section on the
Gatesburg Formation.

The unnamed limestone member of the Rome For-
mation, the Pumpkin Valley Shale, the Rutledge Lime-
stone, the Rogersville Shale, and the unnamed limestone
member of the Maryville Limestone probably intertongue
westward with sandstone of the Rome Formation (pl. 1).
East of the Rome trough in the vicinity of the Central West



Virginia arch, these units, with the exception of the more
extensive unnamed limestone member of the Maryville
Limestone, probably grade laterally into the adjoining
Elbrook Dolomite. The sandstone beds in the middle part of
the Maryville Limestone probably merge westward with the
sandstone lithofacies of the Rome Formation, and, very
likely, the uppermost of these sandstone beds becomes part
of the Mount Simon Sandstone west of the Ohio-West
Virginia hinge zone (pl. 1). The unnamed dolomite member
of the Maryville Limestone in the Rome trough correlates
with a 500- to 700-ft-thick dolomite west of the Ohio-West
Virginia hinge zone that Janssens (1973) identified as the
Rome Formation. East of the Rome trough, the unnamed
dolomite member of the Maryville Limestone becomes the
upper 900 ft of the Elbrook Dolomite. The total thickness of
the Elbrook Dolomite in the vicinity of the Allegheny
structural front is about 2,950 ft.

Several assemblages of fossils in the Pumpkin Valley
Shale, the Rutledge Limestone, the Rogersville Shale, and
the Maryville Limestone indicate a Middle Cambrian age
for these formations in the eastern Tennessee and south-
western Virginia outcrop belt (Resser, 1938). The upper-
most part of the Maryville Limestone seems to be Late
Cambrian (Dresbachian) in age on the basis of fauna
reported by Rasetti (1965) from eastern Tennessee and by
Derby (1965) from southwestern Virginia. Judging from
these fossils, a Middle Cambrian age is assigned to the
majority of the Conasauga Group in the Rome trough
segment of section E~E' and to the correlative lower part of
the Elbrook Dolomite between the Central West Virginia
arch and the Allegheny structural front (pl. 1, fig. 2). A
Late Cambrian (Dresbachian) age is tentatively assigned to
the upper 600 to 800 ft of the unnamed dolomite member of
the Maryville Limestone, the upper 500 to 600 ft of the
Elbrook Dolomite, and most of the Rome Formation of
Janssens (1973) (pl. 1, fig. 2).

Gatesburg Formation (Upper Cambrian)

A 1,000- to 1,600-ft-thick sequence of dolomite,
sandstone, and subordinate gray shale overlies the Cona-
sauga Group in the ED, EM, and EGL drill holes (pl. 1).
Most of the sandstone is concentrated in 100- to 400-ft-thick
zones at the base and top of the sequence. The lower of the
sandstone-dominated zones was previously described—in
the discussion of the Conasauga Group—as a 240- to
380-ft-thick sandstone-dominated sequence that overlies the
Maryville Limestone in section E~E’. Although the lower
sandstone-dominated sequence correlates with the Noli-
chucky Shale (Butts, 1940; Rodgers, 1953; Webb, 1980;
Sutton, 1981; Donaldson and others, 1988), as well as with
the lower sandy member of the Gatesburg Formation
(Wilson, 1952; Wagner, 1966, 1976), 1 favor the name
lower sandy member of the Gatesburg Formation.

The name Gatesburg Formation is also applied to the
dolomite unit that overlies the lower sandy member and to
the upper sandstone-dominated zone. The dolomite unit is
assigned here to the unnamed middle dolomite member of
the Gatesburg Formation (Wagner, 1966), whereas the
upper sandstone-dominated zone is assigned to the upper
sandy member of the Gatesburg Formation (Wilson, 1952;
Wagner, 1966, 1976). The Stacy Dolomite and Ore Hill
Limestone Members of the Gatesburg Formation, recog-
nized in Blair County, Pennsylvania (fig. 1), by Butts
(1945) and the Mines Dolomite Member, recognized in
central and south-central Pennsylvania by Wilson (1952)
and Wagner (1966), cannot be identified in section E-E'.
The unnamed middle dolomite and upper sandy members in
section E~E' correlate with the Copper Ridge Dolomite and
Rose Run Sandstone (Sand), respectively, in the Rome
trough of eastern Kentucky (McGuire and Howell, 1963;
Sutton, 1981) and southwestern West Virginia (Donaldson
and others, 1988).

The Gatesburg Formation is recognized in section
E-E' as far west as the HNGP drill hole, where it is
characterized by an 850-ft-thick sandstone and dolomite
sequence having well-defined lower and upper sandy mem-
bers (pl. 1). Westward into Ohio, the lower sandy member
is replaced laterally by a gray shale and dolomite unit,
which was assigned to the Conasauga Formation by Jans-
sens (1973) (pl. 1, fig. 2). The upper sandy member
continues into Ohio as a well-defined sandstone unit, which
was assigned to the Rose Run Sandstone by Janssens (1973)
(pl. 1). At the western end of section E~E’, the Conasauga
Formation is replaced laterally by a unit dominated by
sandstone and siltstone and named the Kerbel Formation by
Janssens (1973) (pl. 1, fig. 2). The unnamed middle
dolomite member of the Gatesburg Formation continues
into Ohio as a well-defined dolomite unit that occupies the
lower part of the Knox Dolomite of Janssens (1973) (pl. 1,
fig. 2). The lower part of the Knox Dolomite contains a
widespread silty and sandy dolomite unit named the B zone
by Calvert (1964, 1965).

At the eastern end of section E-E’, the name Gates-
burg Formation is applied to a 1,700-ft-thick dolomite and
sandstone sequence that was penetrated in the UFS drill
hole (pl. 1). Thin beds of sandstone seem to be clustered in
300- to 400-ft-thick units near the base, middle, and top of
the Gatesburg Formation in this drill hole. The sandy units
near the base and top of the Gatesburg are tentatively
assigned to the lower and upper sandy members, respec-
tively (pl. 1, fig. 2). Perry (1964) and Donaldson (1969)
assigned this sequence in the UFS drill hole to the Copper
Ridge Dolomite (Formation). Perry (1964) used the name
Copper Ridge to emphasize the similarity of this sequence
to the correlative Copper Ridge Dolomite in southwestern
Virginia (Butts, 1940; Miller and Fuller, 1954), but he also
implied that the name Gatesburg Formation was perhaps
equally applicable. Approximately 25 mi east of the UFS
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drill hole, on the eastern side of the North Mountain fault in
northern Virginia (fig. 1), the Gatesburg Formation corre-
lates with a 2,500- to 3,000-ft-thick sequence of sandy
limestone and dolomite that was identified as the Conoco-
cheague Formation (Limestone) (Butts, 1940; King, 1950;
Wilson, 1952; Edmundson and Nunan, 1973; Young and
Rader, 1974; Rader and Biggs, 1976; Rader, 1982) (fig. 2).

Outcrops of the Gatesburg Formation in Blair and
Centre Counties, Pennsylvania (fig. 1), were assigned a
Late Cambrian (Franconian and Trempealeauan) age by
Butts (1945) and Wilson (1951, 1952). This age was
determined largely from trilobites found in the middle part
of the Gatesburg. Using trilobite faunas, Butts (1945) and
Wilson (1951, 1952) also assigned a Late Cambrian age to
the Conococheague Formation (Limestone) in adjoining
Maryland, West Virginia, and Virginia. Given the age
assigned to the Gatesburg and Conococheague Formations
in outcrop, the Gatesburg Formation—as identified in
section E~E' between the Rome trough and the Allegheny
structural front—is Late Cambrian in age (pl. 1, fig. 2). A
Late Cambrian age for the Gatesburg Formation in section
E-E' is further supported by the presence of a trilobite fauna
of Late Cambrian (Dresbachian) age in the Nolichucky
Shale (Resser, 1938; Derby, 1965), a unit in the Conasauga
Group of eastern Tennessee and southwestern Virginia that
is here considered to be equivalent to the lower sandy
member of the Gatesburg. Correlatives of the Gatesburg
Formation in eastern Ohio—the Conasauga Formation, the
Kerbel Formation, the lower part of the Knox Dolomite,
and the Rose Run Sandstone —likewise are here assigned a
Late Cambrian age (pl. 1, fig. 2).

The possibility exists, however, that a part or all of
the upper sandy member of the Gatesburg Formation and
the correlative Rose Run Sandstone may be Early Ordovi-
cian in age. For example, McGuire and Howell (1963)
assigned an Early Ordovician age to the Rose Run Sand-
stone in eastern Kentucky. This age is consistent with the
Early Ordovician age tentatively assigned by Repetski
(1985), on the basis of conodonts, to Rose Run-equivalent
sandstone beds in the basal part of Chepultepec Dolomite in
the Thorn Hill section. Also, on the basis of conodonts,
Orndorff (1988) assigned an Early Ordovician age to the
upper 141 ft of the Conococheague Formation (Limestone)
(fig. 2) as recognized in northern Virginia by Young and
Rader (1974), Rader and Biggs (1976), and Rader (1982).
Additional paleontologic studies are required before the
position of the Upper Cambrian-Lower Ordovician bound-
ary is firmly established in the central Appalachians.

Beekmantown Group (Lower and Lower Middle
Ordovician)

Where section E-E’ crosses the depositional axis of
the Rome trough, as defined by the EM and EGL drill
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holes, a 1,750- to 2,300-ft-thick predominantly dolomite
sequence conformably overlies the upper sandy member of
the Gatesburg Formation (pl. 1). West of the Rome trough,
astride the adjoining Ohio-West Virginia hinge zone, where
the ED and HNGP holes were drilled, the dolomite
sequence thins noticeably to approximately 1,100 ft (pl. 1).
Three laterally persistent, westward-thinning subdivisions
of the dolomite sequence are recognized in the Rome trough
and adjoining Ohio-West Virginia hinge zone: (1) a lower
dolomite unit, (2) a middle sandstone unit, and (3) an upper
anhydritic dolomite unit.

In the HNGP drill hole, the three-part sequence of
dolomite and sandstone has been identified as the Beekman-
town Group by Prouty and others (1959). Wagner (1966)
also correlated it with formations in the Beekmantown
Group but did not refer to the name Beekmantown Group.
Harris (1959) and Wagner (1966) identified an unconform-
ity (now known as the Knox unconformity) in this sequence
of dolomite and sandstone in the HNGP drill hole. The
stratigraphic position and extent of the Knox unconformity
in section E—E’ are discussed in the following section.

In northern West Virginia, about 20 mi south of the
Pennsylvania-West Virginia State line, Wagner (1966)
described a sequence of dolomite, limestone, and anhydrite
in the lower 2,500 ft of the Phillips Petroleum No. A-1
Finch drill hole in Marion County, West Virginia (fig. 1).
This sequence and an estimated 500 to 600 ft of undrilled
strata beneath the drill hole together correlate with the
three-part sequence of dolomite and sandstone that overlies
the upper sandy member of the Gatesburg Formation in
section E—E'. The lower 200 ft of the drilled sequence in the
Phillips Petroleum No. A-1 Finch drill hole was correlated
by Wagner (1966) with the upper part of the Mines
Dolomite Member of the Gatesburg Formation that crops
out in Blair and Centre Counties, Pennsylvania (Butts,
1945; Wilson, 1952). Wagner (1966) correlated the remain-
ing 2,300 ft of the drilled sequence with formations of the
Beekmantown Group but did not use the name Beekman-
town Group. In ascending order, these formations are (1)
the Larke Dolomite (Formation) and the equivalent Stone-
henge Limestone (Formation), the Nittany Dolomite (For-
mation), and the lower member of the Bellefonte Dolomite
(Formation), all of which crop out in Blair and Centre
Counties, Pennsylvania (Butts and Moore, 1936; Butts,
1945; Swartz and others, 1955; and Donaldson, 1969), and
(2) the Rockdale Run Formation that crops out in Washing-
ton County, Maryland (fig. 1), and adjoining West Virginia
(Sando, 1957; Donaldson and Page, 1963).

According to Wagner (1966), the unconformity that
he and Harris (1959) identified in the HNGP drill hole is
located at the base of the Bellefonte Dolomite (Formation).
Wagner (1966) correlated this basal Bellefonte unconform-
ity with a tentative unconformity in the middle part of the
Nittany Dolomite (Formation) in the Phillips Petroleum No.
A-1 Finch drill hole. Wagner’s tentative correlation of



unconformities implies that the Mines-Larke-lower Nittany
interval in the Phillips Petroleum No. A-1 Finch drill hole
correlates with the lower dolomite unit in section E-E’,
whereas the upper Nittany-Bellefonte-Rockdale Run inter-
val in the Phillips Petroleum No. A-1 Finch drill hole
correlates with the combined middle sandstone and upper
anhydritic dolomite units in section E-E’.

Following Prouty and others (1959) and Wagner
(1966), I assign the name Beekmantown Group to the
three-part sequence of dolomite and sandstone that overlies
the Gatesburg Formation in section E-E’. Because I cannot
correlate the three parts of the Beekmantown in section
E-E' with formations of the Beekmantown Group of Butts
(1945) and Sando (1957), I give them informal names. The
lower dolomite unit is called the unnamed dolomite, the
middle sandstone unit is called the unnamed sandstone, and
the upper anhydritic dolomite unit is called the unnamed
anhydritic dolomite (pl. 1, fig. 2).

I cannot identify the characteristic highly cherty
Mines Dolomite Member of the Gatesburg Formation of
Pennsylvania (Wilson, 1952) in section E~E’. The Mines
Dolomite Member may be missing here owing to facies
change or to southward depositional thinning to a zero edge.
That the Mines Dolomite Member was overlooked in
section E-E' is unlikely, because the Mines Dolomite
Member-equivalent interval in the HNGP drill hole contains
more or less the same variety and amount of chert as the
overlying dolomite interval does (Harris and Flowers, 1956;
Prouty and others, 1959).

As identified in section E-E’, the Beekmantown
Group correlates with a 1,600-ft-thick dolomite sequence
that overlies the Copper Ridge Dolomite of Donaldson and
others (1988) in the Columbia Gas No. 9674-T Mineral
Tract drill hole. Donaldson and others (1988) subdivided
this 1,600-ft-thick dolomite sequence into three parts: (1) an
800-ft-thick lower dolomite unit named the Beekmantown,
(2) a 100-ft-thick middle sandstone unit named the St.
Peter, and (3) a 700-ft-thick upper dolomite and anhydritic
dolomite unit assigned to the lower one-third of the Middle
Ordovician. In ascending order, the three units in the
Columbia Gas No. 9674-T Mineral Tract correlate with the
unnamed dolomite, the unnamed sandstone, and the
unnamed anhydritic dolomite, respectively, of the Beek-
mantown Group identified in section E-E’.

In the Rome trough of southwestern West Virginia,
another sequence that correlates with the Beekmantown
Group of section E-E’ is the 1,900-ft-thick dolomite
sequence that overlies the Copper Ridge Dolomite in the
Exxon No. 1 McCormick drill hole in Lincoln County,
West Virginia (fig. 1). There, Cable and Beardsley (1984)
applied the name Beekmantown Group to the lower 800 ft
of the sequence, which consists largely of dolomite, and the
name lower Chazy Group to the upper 1,100 ft of the
sequence, which consists of dolomite, shale, sandstone, and
local evaporite. Although absent in the Exxon No. 1

McCormick drill hole, the lower Chazy Group commonly
contains in nearby drill holes a basal sandstone that Cable
and Beardsley (1984) identified as the St. Peter Sandstone.
The Beekmantown Group, the St. Peter Sandstone, and the
lower Chazy Group of Cable and Beardsley (1984) correlate
with the unnamed dolomite, the unnamed sandstone, and
the unnamed anhydritic dolomite, respectively, of the
Beekmantown Group identified in section E-E’.

West of the Ohio-West Virginia hinge zone, the
Beekmantown Group is replaced laterally by two forma-
tions (pl. 1). The lower formation, the lateral equivalent of
the unnamed dolomite of the Beekmantown Group, is
assigned to the upper part of the Knox Dolomite of Janssens
(1973), whereas the upper formation, the lateral equivalent
of the unnamed sandstone and anhydritic dolomite of the
Beekmantown, is assigned to the Wells Creek Formation as
it is used in Ohio by Stith (1979), Wickstrom and others
(1985), and Wickstrom and Gray (1988). The Wells Creek
Formation consists largely of grayish-green shale and dolo-
mite. The combined upper Knox-Wells Creek interval and
the equivalent Beekmantown Group form a conspicuous
westward-tapering wedge of strata that is about 2,300 ft
thick in the Rome trough sector of section E-E' and thins to
about 40 ft thick at the western end of section E—E’. This
westward thinning of the Beekmantown Group and equiv-
alent strata resulted from a combination of (1) depositional
thinning and (2) truncation beneath the Middle Ordovician
Knox unconformity (pl. 1).

The unnamed dolomite of the Beekmantown Group,
as defined in the Rome trough segment of section F-E',
thickens eastward to about 2,150 ft at the Allegheny
structural front (pl. 1), where it occupies the entire Beek-
mantown interval. Most of the eastward thickening of this
dolomite interval occurs at the expense of the overlying
unnamed anhydritic dolomite and a 450-ft-thick laterally
equivalent limestone that I assign in the HNGPF drill hole
to the Row Park Limestone of the St. Paul Group (pl. 1).
Perry (1964) and Donaldson (1969) assigned the names
Beekmantown Dolomite and Beekmantown Formation,
respectively, to the 2,150-ft-thick dolomite unit at the
Allegheny front. These two designations were applied to
emphasize that the unit lacks the well-defined formations of
the Beekmantown Group recognized in Blair County, Penn-
sylvania, by Butts (1945) or in Washington County, Mary-
land, by Sando (1957). I choose to use the name Beekman-
town Group undivided for these dolomite strata along the
Allegheny structural front (pl. 1, fig. 2).

The unnamed anhydritic dolomite of the Beekman-
town Group and the laterally equivalent Row Park Lime-
stone thin eastward to a zero edge near the Allegheny
structural front by changing facies into the unnamed dolo-
mite and the Beekmantown Group undivided (pl. 1). The
unnamed sandstone of the Beekmantown Group probably
does not extend east of the Rome trough (pl. 1).
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Beekmantown-equivalent carbonate strata, 2,500 to
3,700 ft thick, crop out in northern Virginia between the
North Mountain fault and the Blue Ridge (fig. 1). Names
applied to these strata include (1) Chepultepec Limestone
and Beekmantown Group (Butts, 1940), (2) Beekmantown
Dolomite (includes Chepultepec Limestone at base) (King,
1950), (3) Chepultepec Limestone and Beekmantown For-
mation (Edmundson, 1945; Brent, 1960), (4) Beekmantown
Group and the constituent Stonehenge Formation, Rockdale
Run Formation, and Pinesburg Station Dolomite (Edmund-
son and Nunan, 1973; Rader, 1982), (5) Stonehenge and
Beekmantown Formations (Young and Rader, 1974), and
(6) Stonehenge and Rockdale Run Formations (Rader and
Biggs, 1976). The Stonehenge Formation as used by
Edmundson and Nunan (1973), Young and Rader (1974),
and Rader and Biggs (1976) represents the same strati-
graphic interval as the Chepultepec Limestone of earlier
investigators in northern Virginia. By applying the terms
Stonehenge Formation (Limestone) (fig. 2), Rockdale Run
Formation (fig. 2), and Pinesburg Station Dolomite,
Edmundson and Nunan (1973), Rader and Biggs (1976),
and Rader (1982) have extended the Beekmantown Group
terminology into northern Virginia (fig. 2).

An Early Ordovician age was assigned to the Beek-
mantown Group by Butts (1945), Sando (1957), Spelman
(1966), and Lees (1967) where it crops out in Blair and
Centre Counties, Pennsylvania, and in Washington County,
Md. This age designation was based on (1) the stratigraphic
position of the Beekmantown between the Gatesburg and
Conococheague Formations of Late Cambrian (Franconian
and Trempealeauan) age and limestones of Middle Ordovi-
cian (Chazyan) age such as the St. Paul Group and (2) local
to common occurrences of probable age-diagnostic gastro-
pods, brachiopods, and trilobites. An Early Ordovician age
has also been assigned to the Beekmantown Group in
outcrops in northern Virginia between the North Mountain
fault and the Blue Ridge (Butts, 1940; King, 1950; Brent,
1960; Rader, 1982) (fig. 2).

Wagner (1966), on the basis of intertonguing strata of
the uppermost Beekmantown Group and the lowermost St.
Paul Group of early Middle Ordovician age (Neuman,
1951), tentatively assigned an early Middle Ordovician
(Chazyan) age to the upper 200 ft of the Beekmantown
Group in central and south-central Pennsylvania and adjoin-
ing Maryland and West Virginia. For the remainder of the
Beekmantown Group in this area, Wagner (1966) agreed
with the Early Ordovician (Canadian) age assigned by
previous investigators. Conodont studies by Harris and
Repetski (1982, 1983) confirmed the early Middle Ordovi-
cian age proposed by Wagner (1966) for the upper part of
the Beekmantown Group. Their studies indicated that, from
about Harrisonburg, Va. (fig. 1), northward into central
Pennsylvania, the upper 350 to 900 ft of the Beekmantown
Group contains strata ranging from earliest (Whiterockian)
to early (Chazyan) Middle Ordovician age.
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Without conodont age data, the position of the Lower
Ordovician-Middle Ordovician boundary within the Beek-
mantown Group can only be approximated. In section
E-E’', 1 suggest that the boundary coincides with the Knox
unconformity (pl. 1) that is discussed in more detail in the
next section. Beekmantown strata of earliest Middle Ordo-
vician (Whiterockian) age probably are not present in
section E-E’, but they are very likely present beneath the
Knox unconformity in the Phillips Petroleum No. A-1
Finch drill hole in Marion County, W. Va., about 50 mi
north of section E-E’ (fig. 1).

In eastern Ohio, the Lower Ordovician (Ibexian
Series) part of the Beekmantown Group is represented by
the upper part of the Knox Dolomite of Janssens (1973),
whereas the Middle Ordovician (Whiterockian Series) part
of the Beekmantown Group is represented by the Wells
Creek Formation (pl. 1). From about midway between the
Tatum No. 1 Lee (TL) (no. 4, pl. 1, fig. 1, table 1) and the
Lakeshore Pipeline No. 1 Marshall (LM) (no. 5, pl. 1, fig.
1, table 1) drill holes to the western end of section E~E’, the
Lower Ordovician part of the Knox Dolomite has been
completely truncated by the Middle Ordovician Knox
unconformity.

Knox Unconformity

Between the Ohio-West Virginia hinge zone and the
western end of section E-E’, the Knox unconformity
underlies the Wells Creek Formation and truncates, in
succession, (1) the upper part of the Knox Dolomite of
Janssens (1973) (equivalent to the Lower Ordovician part of
the Beekmantown Group), (2) the Rose Run Sandstone
(equivalent to the upper sandy member of the Gatesburg
Formation), and (3) the top of the lower part of the Knox
Dolomite of Janssens (1973) (equivalent to the middle
dolomite member of the Gatesburg Formation). In Morrow
County, Ohio, at the western end of section E~E’, the Knox
unconformity is locally overlain by a 1- to 2-in-thick very
sandy shale at the base of the Wells Creek Formation
(Glenwood Formation of the drilling industry) (Ryder, in
press). Similar concentrations of quartz sand and sandstone
have been reported to overlie the Knox unconformity in
other parts of the Appalachian basin (Harris, 1959; Wagner,
1966; Mussman and Read, 1986). In the HNGP drill hole,
the unconformity described by Harris (1959) and Wagner
(1966) is overlain by a 20-ft-thick quartzose sandstone.
Although this unconformity was not identified as the Knox
unconformity by Harris (1959) and Wagner (1966), they
indicated that it extends throughout a wide region. My
correlations between drill holes in Morrow County— where
the Knox unconformity is well documented—and the
HNGP drill hole confirm the presence of the Knox uncon-
formity directly beneath the 20-ft sandstone unit described
by Harris (1959) and Wagner (1966).



The sandstone unit identified by Harris (1959) and
Wagner (1966) corresponds to the unnamed sandstone of
the Beekmantown Group shown in section E-E'. Conse-
quently, I suggest that the Knox unconformity can be
confidently traced, on the basis of the overlying sandstone,
as far east into the Rome trough as the EGL drill hole.
Although difficult to identify in the subsurface without the
presence of the overlying unnamed sandstone, the Knox
unconformity is interpreted here to continue eastward to the
Allegheny structural front, where I tentatively place it about
500 ft below the top of the Beekmantown Group undivided
in the UFS drill hole (pl. 1, fig. 2). Farther east, in outcrops
in northern Virginia between the North Mountain fault and
the Blue Ridge, the Knox unconformity has been identified
at the top of the Beekmantown Group by Brent (1960),
Young and Rader (1974), and Mussman and Read (1986)
(fig. 2).

Conodont studies by Harris and Repetski (1982,
1983) indicated that the Knox unconformity decreases in
magnitude from southwestern Virginia to northern Virginia.
Their studies showed that, throughout most of southwestern
and central Virginia, the Knox unconformity is defined in
outcrop by limestone of early Middle Ordovician (Chazyan)
age resting disconformably on the Beekmantown Group that
is latest Early Ordovician (Canadian) in age. Northward,
between Harrisonburg, Va. (fig. 1), and central Pennsylva-
nia, the time span of the Knox unconformity is greatly
diminished, as shown in outcrop by limestone of early
Middle Ordovician (Chazyan) age resting disconformably
on the Beekmantown Group, the uppermost beds of which
range in age from earliest Middle Ordovician (early White-
rockian) to early Middle Ordovician (Chazyan).

I consider the Knox unconformity identified at the
eastern end of section E~E' to separate Beekmantown strata
of latest Early Ordovician age from overlying uppermost
Beekmantown strata of early Middle Ordovician (Chazyan)
age (pl. 1, fig. 2). Consequently, the Knox unconformity
there represents a time span of 5 to 10 m.y. Across section
E-E', the hiatus represented by the Knox unconformity is
greatest in north-central Ohio near the northern end of the
Waverly arch. There, the lower part of the Knox Dolomite
of Late Cambrian (Trempealeauan) age overlain by the
Wells Creek Formation of early Middle Ordovician (early to
middle Chazyan) age implies that a time span of as much as
40 m.y. is represented by the Knox unconformity (fig. 2).

St. Paul and Black River Groups (Middle
Ordovician)

The unnamed anhydritic dolomite of the Beekman-
town Group and the adjoining Wells Creek Formation of
Ohio and Row Park Limestone of West Virginia are
overlain by a sequence of slightly to moderately argilla-

ceous, commonly fossiliferous, micritic limestone. At the
eastern end of section E-E’, where the unnamed anhydritic
dolomite of the Beekmantown Group and the equivalent
Row Park Limestone are absent, the micritic limestone
sequence rests directly on the Beekmantown Group undi-
vided. One or more metabentonite beds are located near the
top of the sequence. From its maximum thickness of 900 to
1,080 ft in the Rome trough, the micritic limestone
sequence thins eastward to 760 ft at the eastern end of
section E-E' and westward to a thickness of 480 ft at the
western end of section E-E’ (pl. 1). Thinning of this
sequence between the Rome trough and the Allegheny
structural front is largely the result of eastward stratigraphic
downstepping of its contact with an overlying, highly
argillaceous micritic limestone. Westward thinning of the
micritic limestone sequence between the Ohio-West Vir-
ginia hinge zone and the Waverly arch resulted from a
combination of depositional thinning and a slight westward
stratigraphic rise of its basal contact with the underlying
Wells Creek Formation.

The micritic limestone sequence is subdivided here
into a lower part that commonly contains thin beds of gray
to greenish-gray shale and an upper part that contains
considerably fewer and thinner beds of shale. In addition,
the lower part of the micritic limestone sequence contains
micrite that, in general, is finer grained and has lighter
shades of gray and brown than the micrite in the upper part
of the sequence. From the HNGP drill hole westward to the
western end of section E~E’, the shale beds in the lower unit
are greenish gray to grayish green and thus are similar in
color to the shale beds in the underlying Wells Creek
Formation. In contrast, from the ED drill hole eastward to
the HNGPF drill hole, the shale beds in the lower part of the
micritic limestone sequence are medium to dark gray. In the
UFS drill hole, the lower and lowermost upper parts of the
micritic limestone sequence have been replaced laterally by
a 380-ft-thick unit that has few shale beds and numerous
beds of light-gray to tan, homogeneous (lithographic) mic-
rite.

Perry (1964) assigned the name Lurich Formation to
the 380-ft-thick predominantly very fine grained micrite
unit in the UFS drill hole. However, in subsequent outcrop
studies near the drill hole, Perry (1971, 1972) identified this
unit as the New Market Limestone. The New Market
Limestone as identified by Perry (1971, 1972) and the
underlying Row Park Limestone as recognized here in the
HNGPF drill hole (pl. 1, fig. 2) constitute the St. Paul
Group as originally defined in outcrop in Washington
County, Md., and adjoining States by Neuman (1951). The
New Market Limestone extends east of section E~E' and
crops out in northern Virginia between the North Mountain
fault and the Blue Ridge (Young and Rader, 1974; Rader
and Biggs, 1976; Rader, 1982) (fig. 2).

The lower unit of the micritic limestone sequence,
consisting of argillaceous micrite, correlates with a litho-
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logically similar, 450-ft-thick sequence in the Phillips
Petroleum No. A-1 Finch drill hole (fig. 1) that Wagner
(1966) assigned to the St. Paul Group. I concur with
Wagner (1966) that the St. Paul Group is an appropriate
name for New Market-equivalent rocks in this drill hole,
and I have therefore retained it for the correlative lower unit
of the micritic limestone sequence in section E-E’'. How-
ever, to emphasize the difference in lithologic character
between the lower unit and the equivalent New Market
Limestone in the UFS drill hole at the eastern end of section
E-E', I informally identify the lower unit as the unnamed
argillaceous limestone of the St. Paul Group (pl. 1, fig. 2).

In Ohio, the lower part of the micritic limestone
sequence has been identified most commonly as (1) the
Chazy Group (Limestone) (Calvert, 1962, 1964; Dolly and
Busch, 1972), (2) the Black River Group (lower part)
(Stith, 1979; Cable and Beardsley, 1984), and (3) the Black
River Limestone (lower part) (De Brosse and Vohwinkel,
1974; Wickstrom and others, 1985; Wickstrom and Gray,
1988). All three are acceptable, but I have retained the
name Black River Limestone because it seems to be most
favored by the Ohio Division of Geological Survey.

The upper part of the micritic limestone sequence in
West Virginia is assigned to the Black River Group (pl. 1,
fig. 2). Use of the name Black River Group here follows the
nomenclature proposed by Cardwell and others (1968) for
outcrops of the sequence in Pendleton County, W. Va.,
near the UFS drill hole and by Cable and Beardsley (1984)
for correlative strata in the Exxon No. 1 McCormick drill
hole in Lincoln County, W. Va. (fig. 1). Moreover, Prouty
and others (1959) and Wagner (1966) applied the name
Black River Group, and (or) its constituent Hatter and
Benner Limestones (Formations), to most of the upper part
of the micritic limestone sequence in the HNGP and Phillips
Petroleum No. A-1 Finch drill holes. The Hatter and
Benner Limestones of the Black River Group are not
recognized in section E-E’.

The Black River Group that was penetrated in the
UFS drill hole contains most of the units recognized in
nearby outcrops in Virginia by Read (1980) and Rader
(1982). In ascending stratigraphic order, these units are the
Lincolnshire Limestone, the Ward Cove Limestone, the
Peery and Benbolt Limestones undivided, the Wardell
Formation, and the Witten Limestone. The Ward Cove-
Peery—Benbolt interval represents the Big Valley Formation
identified by Perry (1964) in the UFS drill hole, and the
Wardell Formation and Witten Limestone represent the
units that he identified as the McGlone and McGraw
Limestones, respectively. In the vicinity of Harrisonburg,
Va. (fig. 1), the Lincolnshire Limestone and the overlying
750-ft-thick black shale and limestone sequence of the
Liberty Hall Formation (Read, 1980; Rader, 1982) are
equivalent to the Black River Group (fig. 2). The Ward
Cove Limestone (pl. 1) at the eastern end of section E-E’,
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consisting of black shale and dark-gray to black micritic
limestone, is a tongue of the Liberty Hall Formation.

The top of the Black River Group at the Allegheny
structural front in West Virginia climbs section westward by
about 150 ft, at the expense of the overlying highly
argillaceous limestone, to a maximum stratigraphic level in
the Rome trough segment of section E~E’ (pl. 1). There, the
top of the Black River Group is marked by a metabentonite
that I identify as the o« marker of Stith (1979) (pl. 1, fig. 2).
East of the Rome trough, I identify the metabentonite as the
S, metabentonite of Perry (1964) (pl. 1, fig. 2). Although
Prouty and others (1959) and Wagner (1966) recognized the
Black River Group and (or) its constituent formations in the
HNGP and Phillips Petroleum No. A-1 Finch drill holes,
they placed its top 150 to 200 ft below this metabentonite.
Very likely, they did not account for the westward strati-
graphic rise of the upper part of the micritic limestone
sequence.

Following De Brosse and Vohwinkel (1974), Wick-
strom and others (1985), and Wickstrom and Gray (1988),
I assign the upper part of the micritic limestone sequence in
Ohio to the Black River Limestone (pl. 1, fig. 2). As
previously mentioned, the Black River Limestone in Ohio
also includes strata that are equivalent to the St. Paul Group
in West Virginia (pl. 1, fig. 2). The a marker of Stith
(1979) marks the top of the Black River Limestone across
the entire Ohio segment of section E-E' (pl. 1, fig. 2).
Another metabentonite in the uppermost part of the Black
River underlies the a marker from the Ohio-West Virginia
hinge zone to the western end of section E-E’. This
metabentonite correlates with the B marker of Stith (1979)
(pl. 1, fig. 2). The o and 3 markers of Stith (1979) correlate
with the Mud Cave and Pencil Cave bentonites, respec-
tively, in Kentucky (Cressman and Noger, 1976; Cressman
and Peterson, 1986).

A Middle Ordovician (late Chazyan through early
Blackriveran) age is assigned here to the Row Park Lime-
stone, the New Market Limestone, and the unnamed argil-
laceous limestone of the St. Paul Group (fig. 2). This age is
based on diverse faunas reported by Neuman (1951) from
outcrops of the St. Paul Group in Washington County, Md.,
and adjoining areas and by Prouty and others (1959) from
cores of the Loysburg Limestone (unnamed argillaceous
limestone of this paper) in the HNGP drill hole (F;, pl. 1).
The New Market Limestone in Maryland and adjoining
States was assigned by Neuman (1951) a Pamelian age,
which is equivalent to an early Blackriveran age as defined
by Sweet and Bergstrom (1976).

I assign a Middle Ordovician (Blackriveran through
Rocklandian) age to the Black River Group (fig. 2). This
age is based on faunas reported by Neuman (1951) from
outcrops of the Lincolnshire Limestone in northwestern
Virginia; by Kay (1956) from outcrops of the Ward Cove
through McGraw (Witten of this paper) Limestones in



Pendleton County, W. Va., and adjoining Virginia (F5, pl.
1); by Prouty and others (1959) from cores of the Hatter and
Benner Limestones of the Black River Group and the lower
part of the Nealmont Limestone (included in this paper with
the Black River Group) in the HNGP drill hole (F,, pl. 1);
and by Sweet and Bergstrom (1976) from strata between the
a (Mud Cave bentonite) and B (Pencil Cave bentonite)
markers in southern Ohio and adjoining Kentucky. The
now-abandoned Bolarian Series, to which Kay (1956)
assigned the Ward Cove through McGraw Limestones
(Formations), is equivalent to the Blackriveran Stage of
Sweet and Bergstrom (1976).

Because the Black River Limestone, as used in Ohio
by De Brosse and Vohwinkel (1974) and Wickstrom and
others (1985), includes strata equivalent to the upper part of
the St. Paul Group, its age ranges from late Chazyan
through Rocklandian (fig. 2).

Trenton Group (Middle and Upper Ordovician)

The Black River Group (Limestone) in section E~E’
is overlain by a westward-thinning sequence consisting of
bioclastic limestone, argillaceous micritic limestone, and
dark-gray to black shale (pl. 1). This sequence ranges in
thickness from 650 ft at the Allegheny structural front to
250 ft near the crest of the Waverly arch. The most abrupt
thickening of the sequence occurs between the EGL and the
UFS drill holes, where its base steps downsection toward
the east at the expense of the underlying Black River Group
(pl. 1). Between the EGL drill hole and the UPM drill hole
at the western end of section E-E’, the limestone and gray
to black shale sequence maintains about the same thickness
(pl. 1).

The limestone and gray to black shale sequence is
subdivided into a lower part dominated by bioclastic lime-
stone and argillaceous micritic limestone and an upper part
dominated by dark-gray to black shale and argillaceous
micritic limestone (pl. 1). These units are most easily
recognized between the HNGP and UPM drill holes, where
the lower unit consists of bioclastic limestone and the upper
unit consists of black shale. East of the HNGP drill hole,
these two units change facies. The eastward facies change
in the lower unit is marked by a gradual increase in
argillaceous micritic limestone at the expense of bioclastic
limestone. In contrast, the eastward facies change in the
upper unit is marked by an abrupt increase in argillaceous
micritic limestone and medium- to dark-gray shale at the
expense of black shale (pl. 1). The lower and upper units
are differentiated between the HNGP and UFS drill holes by
the significantly higher percentage of shale in the upper
unit. Metabentonite beds are common in the lower and
upper units of the limestone and gray to black shale
sequence (pl. 1).

Cardwell and others (1968) and Perry (1971, 1972)
assigned the name Trenton Group to outcrops of the
limestone and gray to black shale sequence in Pendleton
County, W. Va. Perry (1971, 1972) subdivided these
outcrops of the Trenton Group into the Nealmont Limestone
and the Dolly Ridge Formation. The Nealmont Limestone
and the Dolly Ridge Formation (formerly the Edinburg
Formation of Perry (1964)) are also recognized in the UFS
drill hole (Perry, 1964, 1972), where they correlate with the
lower unit and the upper unit, respectively, of the sequence
of limestone and gray to black shale.

Wagner (1966) assigned formations of the Trenton
Group, as defined by Kay (1944) in Centre County, Pa., to
the sequence of limestone and gray to black shale in the
HNGP and LM drill holes. The Nealmont (upper part),
Salona, and Coburn Formations (Limestones) of Wagner
(1966) constitute the lower unit of this report, whereas the
Antes Shale of Wagner (1966) constitutes the upper unit.
Prouty and others (1959) also applied Trenton terminology
to the limestone and gray to black shale in the HNGP drill
hole. The Trenton Limestone and Antes Shale of Prouty and
others (1959) correlate with the lower unit and the upper
unit, respectively, of this report.

Following Wagner (1966), Cardwell and others
(1968), and Perry (1971, 1972), I assign the name Trenton
Group to the sequence of limestone and gray to black shale
in the West Virginia part of section E-E’ (pl. 1, fig. 2).
Moreover, I recognize the Nealmont Limestone and Dolly
Ridge Formation but restrict their usage to the region near
the Allegheny structural front (pl. 1, fig. 2). From an area
about 15 to 20 mi west of the Allegheny structural front to
the westernmost part of the Rome trough, the name Trenton
Group is applied to the sequence of limestone and gray to
black shale. There, I informally subdivide the Trenton
Group into an unnamed limestone and an unnamed argilla-
ceous limestone that correlate with the lower unit and the
upper unit, respectively, of the sequence of limestone and
gray to black shale (pl. 1, fig. 2). The name Trenton Group
is also used in the western part of the Ohio-West Virginia
hinge zone, where the HNGP drill hole is located. How-
ever, there, the lower unit and the upper unit are identified
as the unnamed limestone and the Antes Shale of the
Trenton Group, respectively (pl. 1, fig. 2). The lower unit
is treated informally here because none of the formations of
the Trenton Group, as defined by Kay (1944) and Perry
(1971, 1972), can be recognized with confidence. In
northern Virginia, between the North Mountain fault and
the Blue Ridge, the Trenton Group in section E-E’ corre-
lates with the lower one-half to two-thirds of the Martins-
burg Formation (Edmundson and Nunan, 1973; Young and
Rader, 1974; Rader and Biggs, 1976; Rader, 1982) (fig. 2).

In the Ohio part of section E-E', I assign the lower
part of the sequence of limestone and gray to black shale to
the Trenton Limestone, as defined by Calvert (1962, 1964),
De Brosse and Vohwinkel (1974), Wickstrom and others
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(1985), and Wickstrom and Gray (1988) (pl. 1, fig. 2).
Following Fettke (1960) and Calvert (1964), I assign the
upper unit in Ohio to the Utica Shale. The Utica Shale as
used here in the Pan American No. 1 Windbigler (PAW)
(no. 2, pl. 1, fig. 1, table 1) consists of both the Utica Shale
and the Cynthiana Formation of Calvert (1964). I prefer the
name Utica Shale for the upper unit in the Ohio part of
section E—E' rather than the name Point Pleasant Formation
used by Wickstrom and Gray (1988), because the upper unit
commonly contains beds of black shale (pl. 1) (Wallace and
Roen, 1989). This characteristic of the upper unit makes it
more akin to the Utica Shale of northwestern Pennsylvania
and adjoining New York (Wagner, 1966) than to the Point
Pleasant Formation of southern Ohio and adjoining Ken-
tucky (Weiss and others, 1965).

I assign a Middle and Late Ordovician (Rocklandian
through early Edenian) age to the Trenton Group in West
Virginia and the combined Trenton Limestone and Utica
Shale in Ohio (pl. 1, fig. 2). This age is based on fossils
reported by Prouty and others (1959) from cores of the
Trenton Limestone (unnamed limestone of this paper) and
the Antes Shale in the HNGP drill hole (F,, pl. 1); by Kay
(1944) and Sweet and Bergstrom (1976) from outcrops of
the Trenton Group in central Pennsylvania; by Kay (1956)
from outcrops of the Trentonian Stage in Pendleton County,
West Virginia, and adjoining Virginia (F5, pl. 1); and by
Sweet and Bergstrom (1976) from strata between the a
{Mud Cave bentonite) and 8 (Pencil Cave bentonite) mark-
ers that crop out in southern Ohio and adjoining Kentucky.

Trenton Group strata of Rocklandian age in section
E-E' are located primarily in the lower part of the Nealmont
Limestone (below the S, metabentonite of Perry (1964))
and laterally equivalent strata of the Trenton Group undif-
ferentiated (pl. 1, fig. 2). These Trenton Group strata of
Rocklandian age are replaced through facies change by
Black River Group strata of Rocklandian age about 20 to 30
mi west of the HNGPF drill hole (pl. 1). In contrast,
Trenton Group strata of Kirkfieldian, Shermanian, and
Edenian age are distributed throughout section E-E’ (fig.
2). A Kirkfieldian through Shermanian age is assigned to
the following parts of the Trenton Group and Trenton
Limestone: (1) all except the uppermost part of the Neal-
mont Limestone (from the S, metabentonite to near the
top), (2) all except the uppermost part of the unnamed
limestone of the Trenton Group in the ED and HNGP drill
holes, and (3) all except the uppermost part of the Trenton
Limestone in Ohio (fig. 2). An Edenian age is assigned to
the following parts of the Trenton Group and Limestone: (1)
the Dolly Ridge Formation and the uppermost part of the
Nealmont Limestone, (2) the Antes Shale and the upper-
most part of the unnamed limestone, and (3) the Utica Shale
and the uppermost part of the Trenton Limestone in Ohio
(fig. 2).
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Reedsville Shale and Oswego Sandstone (Upper
Ordovician)

The Trenton Group and the combined Trenton Lime-
stone and Utica Shale in section E-E' are overlain by a
sequence of silty and calcareous gray shale (pl. 1). This
sequence gradually thins westward from a thickness of
1,800 ft at the Allegheny structural front to 800 ft near the
crest of the Waverly arch. The upper 350 ft of the exposed
gray shale sequence in Pendleton County, W. Va., near the

- UFS drill hole, consists of a very sandy interval that grades

upward into a 125-ft-thick argillaceous sandstone (Prouty,
1927; Perry, 1971). The sandy gray shale and the overlying
argillaceous sandstone also are present in the HNGPF drill
hole, but they pinch out approximately 10 mi west of the
drill hole.

The sandy part of the gray shale sequence in the
Pendleton County outcrops and in the HNGPF drill hole is
underlain by a 1,100-ft-thick silty shale. This silty shale
thins to about 600 ft in the EGL drill hole, where its upper
part is laterally equivalent to the sandy shale and the
argillaceous sandstone (pl. 1). About 15 mi west of the
HNGP drill hole, the silty part of the gray shale splits into
two silty calcareous gray shale units—a lower silty calcar-
eous gray shale that continues to the western end of section
E-E’' and an upper silty calcareous gray shale that pinches
out about 10 mi east of the western end of section E-E’ (pl.
1). The western part of the upper silty calcareous gray shale
is overlain, about 50 ft upsection, by a lithologically similar
50- to 75-ft-thick unit that pinches out eastward and extends
westward to the western end of section E-E’.

The lower part of the gray shale sequence in the
Pendleton County outcrops consists of a 400-ft-thick cal-
careous shale (pl. 1). Across section E~E’, it maintains a
relatively uniform thickness ranging from 280 to 540 ft.
Most lateral thickness changes in the calcareous shale result
from intertonguing between the calcareous shale and the
overlying silty shale (pl. 1).

Following Cardwell and others (1968), Perry (1971,
1972), and Rader (1982), the gray shale sequence and the
overlying argillaceous sandstone are assigned to the Reeds-
ville Shale and the Oswego Sandstone, respectively. More-
over, following Fettke (1960) and Calvert (1963, 1964), the
name Reedsville Shale is applied to the gray shale sequence
in western and central West Virginia and eastern Ohio (pl.
1, fig. 2). The Reedsville Formation of Calvert (1964)
differs slightly from the Reedsville Shale used in this report.
For example, in the PAW drill hole, the Reedsville Forma-
tion of Calvert (1964) consists of both the Utica and
Reedsville Shales of this report. Wickstrom and Gray
(1988) applied the name Cincinnatian Group undifferenti-
ated to strata in Ohio that are referred to here as the
Reedsville Shale.

In northern Virginia, between the North Mountain
fault and the Blue Ridge, the Reedsville Shale correlates



with the upper part of the Martinsburg Formation (Edmund-
son and Nunan, 1973; Young and Rader, 1974; Rader and
Biggs, 1976; Rader, 1982; Diecchio, 1985) (fig. 2). The
Oswego Sandstone has been removed from this region by
pre-Silurian erosion (Rader, 1982; Diecchio, 1985).

The Reedsville Shale and the Oswego Sandstone are
assigned a Late Ordovician age. The Reedsville Shale is
approximately middle Edenian through Maysvillian age,
and the Oswego Sandstone is approximately latest Mays-
villian through earliest Richmondian age (fig. 2). These
ages are based on fossils reported by Prouty (1927) and
Bretsky (1970) (F,, pl. 1) from outcrops of the Reedsville
Shale (Martinsburg Shale of Prouty (1927)) in Pendleton
County, W. Va., and adjoining Virginia; by Butts (1945)
and Bretsky (1970) from outcrops of the Reedsville Shale in
Blair County, Pa.; and by Sweet and Bergstréom (1976) and
Sweet (1979) from Reedsville-equivalent outcrops in south-
ern Ohio and adjoining Kentucky. The conodont-based
latest Shermanian through earliest Maysvillian age assigned
by Diecchio (1985) and Diecchio and others (1985) to the
Reedsville Shale in Pendleton County, W. Va., seems too
old, given the data presented in this study.

Juniata Formation and Queenston Shale (Upper
Ordovician)

The Reedsville Shale and the Oswego Sandstone in
section E~E' are overlain by a silty and sandy red shale
sequence (pl. 1). Except for a slight increase in thickness in
the HNGPF and EGL drill holes, this sequence gradually
thins westward from a thickness of 700 ft at the Allegheny
structural front to 110 ft near the crest of the Waverly arch.
Sandstone beds are most common in the red shale sequence
at the eastern end of section F-E’ in Pendleton County,
West Virginia, where Perry (1971) identified a 120-ft-thick
argillaceous sandstone in the middle of the sequence (pl. 1).
The sandstone beds diminish westward and appear to be
absent in the EGL drill hole. Numerous siltstone beds
appear in the red shale sequence between Pendleton
County, West Virginia, and the LM drill hole (pl. 1). About
midway between the TL and the Pan American No. 1
Palmer (PAP) (no. 3, pl. 1, fig. 1, table 1) drill holes, the
base of the red shale sequence rises stratigraphically about
100 ft and overlies the silty, calcareous gray shale that
marks the top of the Reedsville Shale. The red color of the
shale persists west of this stratigraphic rise, but, commonly,
gray shale is the dominant lithology.

The name Juniata Formation has been applied to the
exposed silty and sandy red shale sequence in Pendleton
County, West Virginia, by Cardwell and others (1968) and
Perry (1971) and to the silty red shale sequence in the
HNGP drill hole by Bayles and others (1956) and Harris
(1959). In eastern Ohio, the name Queenston Shale has

been applied to the silty red shale sequence by Fettke
(1960), Calvert (1964), and De Brosse and Vohwinkel
(1974). Following these studies, I assign the name Juniata
Formation to the red shale sequence in the West Virginia
part of section E~E’ and the name Queenston Shale to the
red shale sequence in the Ohio part of section E-E'. In
northern Virginia, between the North Mountain fault and
the Blue Ridge, the Juniata Formation and equivalent strata
have been removed by pre-Lower Silurian erosion (Rader,
1982; Diecchio, 1985) (fig. 2).

The Juniata Formation and the Queenston Shale are
assigned a Late Ordovician (Richmondian) age (fig. 2).
This age is based on (1) the stratigraphic position of Juniata
and Queenston strata between the underlying Reedsville
Shale of middle Edenian through Maysvillian age and
overlying Lower Silurian strata and (2) fossils in Juniata-
and Queenston-equivalent strata that crop out in southern
Ohio and adjoining Kentucky (Sweet and Bergstrom, 1976,
Sweet, 1979).

Tuscarora Sandstone and “Clinton” Sandstone
and Shale (Lower Silurian)

The Juniata Formation is conformably overlain by a
130- to 200-ft-thick quartzose sandstone known as the
Lower Silurian Tuscarora Sandstone (Bayles and others,
1956; Cardwell and others, 1968; Perry, 1971; Diecchio,
1985) (pl. 1). In eastern Ohio, the Tuscarora Sandstone
interval is occupied by a sequence of sandstone and gray
shale known informally as the “Clinton” sands of the
drilling industry (Pepper and others, 1953) and the
“Clinton” sandstone and shale (Janssens, 1977). Pepper and
others (1953) indicated that the “Clinton” sands are equiv-
alent to the Albion Sandstone of western New York (now
part of the Medina Group of Fisher (1954)) rather than to
the stratigraphically younger Clinton Formation (now the
Clinton Group of Fisher (1954)) of western New York. In
the western part of section E-E’, the “Clinton” sandstone
and shale of Janssens (1977) changes facies into a basal
argillaceous dolomite sequence called the Brassfield For-
mation and an overlying sequence of dolomite and green
shale called the Cabot Head Formation (Janssens, 1977;
Wickstrom and others, 1985) (pl. 1). The “Clinton” sand-
stone and shale and the adjoining Brassfield-Cabot Head
sequence are overlain by a continuous 20- to 50-ft-thick
dolomite and limestone unit known as the Packer shell in
driller’s terminology (Pepper and others, 1953) in eastern
Ohio and the Dayton Formation in north-central Ohio (De
Brosse and Vohwinkel, 1974; Janssens, 1977; Wickstrom
and others, 1985) (pl. 1).

SUMMARY AND CONCLUSIONS

A 310-mi-long restored section between Morrow
County, Ohio, and Pendleton County, W. Va., shows a
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Cambrian and Ordovician sequence that thickens abruptly
eastward across two fault-controlled hinges. The western-
most hinge, identified here as the Ohio-West Virginia hinge
zone, separates slightly extended Precambrian basement
rocks to the west from greatly extended Precambrian rocks
to the east. From west to east, the most prominent structural
features in the block-faulted terrane east of the Ohio-West
Virginia hinge zone are (1) the Rome trough, (2) the Central
West Virginia arch of Kulander and Dean (1978), inter-
preted here as a horst block, (3) the Eastern West Virginia
arch of Kulander and Dean (1978), interpreted here as a
horst block, and (4) a major down-to-the-east normal fault
(Jacobeen and Kanes, 1975) several miles east of the
Allegheny structural front that defines the second hinge
zone. The Cambrian and Ordovician sedimentary cover
thickens across the Ohio-West Virginia hinge zone from
about 2,700 ft in central Ohio to about 11,300 ft in the
Rome trough of West Virginia. East of the Rome trough,
the sedimentary cover thins across the Central West Vir-
ginia arch to an estimated 10,000 ft before reestablishing an
eastward-thickening trend marked by an estimated 12,300-
ft-thick sequence at the Allegheny structural front and an
estimated 14,100-ft-thick sequence east of the second hinge
zone.

In general, the Cambrian and Ordovician sequence
presented here consists of four major lithofacies that are
predominantly shallow marine to peritidal in origin. In
ascending order, the lithofacies are identified by the follow-
ing descriptive names: (1) sandstone, shale, limestone, and
dolomite unit, (2) dolomite and sandstone unit, (3) lime-
stone and shale unit, and (4) shale and sandstone unit. Each
of these units and most associated subunits thicken from
west to east across the restored section.

The sandstone, shale, limestone, and dolomite unit is
closely associated with the greatly block faulted Proterozoic
basement terrane. Abrupt thickness changes in the unit
across individual fault blocks indicate that sedimentation
was fault controlled. Two distinct subunits constitute the
sandstone, shale, limestone, and dolomite unit: (1) an older
subunit located between the Central West Virginia arch and
the eastern end of the restored section and (2) a younger
subunit located largely between the Ohio-West Virginia
hinge zone and the Central West Virginia arch.

The older of these subunits is speculative because it
has not been drilled. I suggest that it consists, in ascending
order, of the Chilhowee Group, a basal sandstone unit
(equivalent to the uppermost part of the Chilhowee Group),
the Shady Dolomite, and the Rome Formation. Except for
the Rome Formation, which is in part Middle Cambrian in
age, these stratigraphic units are Early Cambrian in age.

The younger subunit is located primarily in the Rome
trough and the adjoining Ohio-West Virginia hinge zone. In
ascending order, this subunit consists of the basal sandstone
unit, limestone of the Shady Dolomite, the Rome Forma-
tion, and the Conasauga Group (Pumpkin Valley Shale,
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Rutledge Limestone, Rogersville Shale, and the lower
one-half of the Maryville Limestone). Here, the basal
sandstone unit and limestone of the Shady Dolomite are
probably Early Cambrian in age, whereas the Rome For-
mation and the Conasauga Group, on the basis of fossils,
are probably Middle Cambrian in age. The Shady Dolomite
is probably overlain unconformably by the Rome Forma-
tion. The Rome Formation in the younger subunit climbs
abruptly upsection at the expense of the Conasauga Group
and steps westward across progressively higher fault blocks
of the Ohio-West Virginia hinge zone. The uppermost
sandstone of the Rome Formation extends west of the
Ohio-West Virginia hinge zone as a basal Cambrian sand-
stone known as the Upper Cambrian Mount Simon Sand-
stone. The unnamed limestone member of the Rome For-
mation and the overlying Conasauga Group (Middle
Cambrian part) of the younger subunit, except for the more
extensive unnamed limestone member of the Maryville
Limestone, grade eastward into a lower part of the dolomite
and sandstone unit that has expanded 2,950 ft downsection
at the expense of the younger subunit. This 2,950-ft-thick
lower part of the dolomite and sandstone unit is assigned
here to the Middle Cambrian part of the Elbrook Dolomite.

The dolomite and sandstone unit forms the core of the
Cambrian and Ordovician sequence along the restored
section. Near the crest of the Waverly arch, at the western
end of the section, this unit occupies about one-third of the
total sequence. In contrast, between the Central West
Virginia arch and the Allegheny structural front—where the
dolomite and sandstone unit thickens eastward by about
2,950 ft at the expense of the younger subunit of the
sandstone, shale, limestone, and dolomite unit—it occupies
about one-half of the total sequence. The well-known Knox
unconformity is located in the upper part of the sequence of
dolomite and sandstone.

The post-Middle Cambrian Elbrook Dolomite part of
the dolomite and sandstone unit consists of a large
westward-tapering wedge that extends across the entire
section. From east to west, the lower part of the wedge
consists of (1) the Upper Cambrian part of the Elbrook
Dolomite, (2) the unnamed dolomite member of the
Maryville Limestone (Upper Cambrian) in the Rome trough
and the adjoining Ohio-West Virginia hinge zone, and (3)
the Rome Formation of Janssens (1973) between the Ohio-
West Virginia hinge zone and the Waverly arch. The middle
part of the dolomite and sandstone wedge consists of the
Gatesburg Formation (Upper Cambrian) and its three mem-
bers: the lower sandy member, the middle dolomite mem-
ber, and the upper sandy member. In Ohio, the position of
the Gatesburg Formation is occupied by the Kerbel and
Conasauga Formations (lower sandy member equivalent),
the lower part of the Knox Dolomite of Janssens (1973)
(middle dolomite member equivalent), and the Rose Run
Sandstone (upper sandy member equivalent). The upper
part of the dolomite and sandstone wedge consists of the



Beekmantown Group (Lower and lower Middle Ordovi-
cian) and its three informal subdivisions (in ascending
order): (1) unnamed dolomite (Ibexian Stage to Chazyan
age), (2) unnamed sandstone (Chazyan age), and (3)
unnamed anhydritic dolomite (Chazyan age). West of the
Ohio-West Virginia hinge zone, the position of the Beek-
mantown Group is occupied by the upper part of the Knox
Dolomite of Janssens (1973) (unnamed dolomite equiva-
lent) and the Wells Creek Formation (unnamed sandstone
and unnamed anhydritic dolomite equivalent).

The Knox unconformity, located at the base of the
Chazyan part of the Beekmantown Group, extends across
the entire section. Between the Ohio-West Virginia hinge
zone and the Waverly arch, the Knox unconformity trun-
cated successively older parts of the Knox Dolomite and the
associated Rose Run Sandstone. The Middle Ordovician
(Chazyan) part of the Beekmantown Group thins east of the
Central West Virginia arch and grades into an equivalent
limestone unit assigned here to the Row Park Limestone
(Middle Ordovician, Chazyan) of the St. Paul Group. At the
Allegheny structural front, the Row Park Limestone interval
is occupied by the uppermost part (Chazyan) of the Beek-
mantown Group undivided. The Knox unconformity at the
Allegheny structural front is located about 500 ft below the
top of the Beekmantown Group undivided, where it prob-
ably separates rocks of Canadian and Chazyan ages.

The limestone and shale unit, which increases in
thickness eastward from about 750 ft at the Waverly arch to
about 1,450 ft at the Allegheny structural front, is the
thinnest of the four major lithofacies. Between the Ohio-
West Virginia hinge zone and the Allegheny structural
front, the limestone and shale unit consists, in ascending
order, of the St. Paul, Black River, and Trenton Groups. In
Ohio, the St. Paul and Black River Groups combine to form
the Black River Limestone. The name Trenton Group is
abandoned in Ohio and replaced by the Trenton Limestone
and the overlying Utica Shale.

The St. Paul Group near the Allegheny structural
front consists, in ascending order, of the Row Park Lime-
stone (Chazyan Stage) and the New Market Limestone
(Chazyan and lowermost Blackriveran Stages). The Row
Park Limestone grades westward into the unnamed anhy-
dritic dolomite of the Beekmantown Group approximately
20 mi west of the Allegheny structural front, whereas the
New Market Limestone grades westward, in large part, into
the unnamed argillaceous limestone of the St. Paul Group,
an informal unit that extends from about 10 mi west of the
Allegheny structural front to the Ohio-West Virginia hinge
Zone.

The Black River Group is undivided in the section
except near the Allegheny structural front, where it con-
sists, in ascending order, of the Lincolnshire Limestone, the
Ward Cove Limestone, the Peery and Benbolt Limestones
undivided, the Witten Limestone, and the Wardell Forma-
tion. There, the Black River Group is nearly all Blackriv-

eran in age. The Black River Group thickens westward of
the Allegheny structural front, at the expense of the Trenton
Group, to include the o and B (bentonite) markers of Stith
(1979) and strata of Rocklandian age. The Black River
Limestone of Ohio, which correlates with the Black River
and the St. Paul Groups combined, has a Chazyan through
Rocklandian age.

The Trenton Group of the Allegheny structural front
consists of the Nealmont Limestone (Middle Ordovician,
Rocklandian through Shermanian Stages) and the overlying
Dolly Ridge Formation (Upper Ordovician, Edenian Stage).
Both formations contain metabentonite beds. The S, meta-
bentonite of Perry (1964) in the Nealmont Limestone
correlates with the « (bentonite) marker of Stith (1979) that
marks the top of the Black River Group and Limestone
farther west. The lower (Rocklandian Stage) part of the
Nealmont Limestone grades westward into the upper part of
the Black River Group, and the upper (Kirkfieldian-
Shermanian Stages) part of the Nealmont grades westward
into the unnamed limestone of the Trenton Group. Lateral
equivalents of the Dolly Ridge Formation west of the Rome
trough are the Antes Shale (Edenian) of the Trenton Group
in West Virginia and the Utica Shale (Edenian) in Ohio.

The wedge-shaped shale and sandstone unit thickens
eastward from about 900 ft at the Waverly arch to about
2,900 ft midway between the Central West Virginia arch
and the Allegheny structural front and then thins slightly to
2,600 ft at the Allegheny structural front. The shale and
sandstone unit at the eastern end of the restored section
consists, in ascending order, of the Reedsville Shale, the
Oswego Sandstone, and the Juniata Formation. The gray
shale, sandstone, and micritic limestone of the Reedsville
Shale (Upper Ordovician, middle Edenian through Mays-
villian Stages) extends across the entire section, whereas the
argillaceous sandstone of the Oswego Sandstone (Upper
Ordovician, upper Maysvillian and lower Richmondian
Stages) pinches out westward near the Central West Vir-
ginia arch. The Juniata Formation (Upper Ordovician,
Richmondian Stage) and its correlative unit in Ohio, the
Queenston Shale, extend across the entire section and
consist predominantly of red shale, siltstone, and sand-
stone.
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EVOLUTION OF SEDIMENTARY BASINS —APPALACHIAN BASIN

Depositional Environment of the Fincastle
Conglomerate near Roanoke, Virginia

By Chrysa M. Cullather’

Abstract

The Fincastle Conglomerate (as used by M.). Bartho-
lomew and his coworkers in 1982) is the northeasternmost
of six Middle Ordovician conglomerates located west of
the Blue Ridge structural front in the southern Appala-
chian Mountains. These conglomerates and their associ-
ated sands and shales are an important record of the early
tectonic history of the Blue Ridge and the Appalachian
basin. They are interpreted as a clastic wedge derived
from a southeastern source area. The Fincastle Conglom-
erate is distinct from the other Middle Ordovician con-
glomerates because it consists dominantly of terrigenous
clasts.

The Fincastle Conglomerate is restricted to the over-
turned Pine Hills syncline, located 0.96 km north of the
town of Fincastle, Va. The syncline trends N. 30° E. for
about 3 km and is truncated to the southwest by the Salem
fault. The total exposed thickness ranges from 15 to 50 m.
Shales, siltstones, and litharenites are discontinuously
interbedded with granule to boulder conglomerates. The
conglomeratic zones range in thickness from 0.30 to 4.09
m. The grains of the litharenites and the clasts of the
conglomerates are thought to have been derived from the
Lower Cambrian Chilhowee Group, Cambrian and Ordo-
vician limestones, and sediments from within the basin of
deposition.

Eight facies units can be recognized: matrix-
supported granule to boulder conglomerate and coarse-
grained pebbly sandstone (facies A); clast-supported gran-
ule to boulder conglomerate (facies B): fine- to medium-
grained sandstones (facies C); laminated to bedded
siltstone (facies D); massive and finely laminated shale
(facies E); discontinuously interbedded conglomerate,
coarse-grained sandstone, and shale (facies F); interbed-
ded shale and sandstone (facies G); and convolute bed-
ded shale (facies H). These units are interpreted as having

Manuscript approved for publication July 30, 1990.
! The Marasco Newton Group, Arlington, VA 22209.

been deposited by submarine gravity flows. Sedimentary
structures include normal and reverse grading, convolute
bedding, load casts, loaded flute marks, and intraforma-
tional shale clasts. Cross-lamination, ripple marks, and
imbrication are very rare. The dominant depositional
processes thought to be responsible for the facies of the
Fincastle Conglomerate are classified as mass sediment
movement. The processes interpreted as being active
during the Middle Ordovician include debris flows, high-,
medium-, and low-density turbidity currents, grain flows,
liquefied and fluidized flows, slumping, and rockfalls. The
nature of these lithofacies, the sedimentary structures,
and the implied depositional mechanisms indicate that the
Fincastle Conglomerate was deposited from an eastern
source in a submarine channel at the base of a Middle
Ordovician paleoslope.

INTRODUCTION

The Fincastle Conglomerate is the northeasternmost
of several Middle Ordovician conglomerates located west of
the Blue Ridge structural front in the southern Appalachian
Mountains (fig. 1). These conglomerates, six of which were
studied by Kellberg and Grant (1956), and their associated
sands and shales are an important record of the early
tectonic history of the Blue Ridge and the Appalachian
basin. Kellberg and Grant (1956) reported that the six
conglomerates share several characteristics: (1) lenticular
shape, (2) limited areal extent, (3) generally poor sorting,
(4) a similar degree of rounding of the clasts, and (5)
similarity of lithology, with the exception of the Fincastle.
The conglomerates were apparently derived from a south-
eastern source area (Kellberg and Grant, 1956). The possi-
ble source lithologies of the clasts indicare that this source
area had a structural relief of between 3,048 and 4,572 m
(Tillman and Lowry, 1971; Lowry and others, 1972).

Clasts of the conglomerates in Tennessee and Georgia
are dominantly carbonate (78-90 percent), and their matri-
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Figure 1. Middle Ordovician conglomerates of the south-
ern Appalachian Mountains. Dashed lines indicate
approximate locations of major thrust faults (sawteeth
indicate upthrown sides). Numbers indicate locations of
Kellberg and Grant’s (1956) Middle Ordovician conglom-
erates: 1, Fincastle, Va.; 2, South Holston Reservoir,
Tenn.; 3, Greenville, Tenn.; 4, Douglas Reservoir, Tenn.;
5, Etowah, Tenn.; 6, Cisco, Ga.

ces are calcareous shales and slightly calcareous sand-
stones. The Fincastle is more terrigenous in nature. Of the
2,127 clasts measured by Kellberg and Grant (1956, p.
700), only 9 and 38 percent (in fine- and coarse-grained
conglomerates, respectively) were composed of carbonate.
The remaining clasts were primarily quartzite (9 and 29
percent), vein quartz (22 and 63 percent), and chert (3 and
17 percent). The clasts are assumed to have been derived
from Cambrian-Ordovician carbonates, quartzites and other
metasediments of the Lower Cambrian Chilhowee Group
and basement rocks of the Blue Ridge (Andrews, 1952;
Kellberg and Grant, 1956; Cooper, 1960; McGuire, 1970;
Lowry and others, 1972; Tillman and Lowry, 1971, 1973;
Lowry, 1974; Karpa, 1974).
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Figure 2. Simplified structural geology of the Fincastle-
Roanoke area of Virginia (sawteeth designate upthrown
sides of thrust faults) (modified from Bartholomew and
others, 1982).

GEOLOGIC SETTING

The Fincastle Conglomerate occurs within the com-
plexly thrust-faulted Valley and Ridge province of the
southern Appalachian Mountains. The structure of the
Fincastle-Roanoke area of Virginia consists of four main
thrusts (from east to west): the Blue Ridge, the Max
Meadows, the Salem, and the Pulaski (McGuire, 1970;
Amato, 1974; Karpa, 1974; Bartholomew and others,
1982). The multilevel Blue Ridge fault thrusts Cambrian
rocks (Chilhowee Group to Rome Formation) to the north-
west over the Max Meadows thrust sheet (Amato, 1974;
Bartholomew and others, 1982). The Max Meadows thrust
sheet is composed mainly of the Cambrian shales of the
Rome Formation (McGuire, 1970; Amato, 1974; Karpa,
1974) and overlies the Salem thrust sheet, which is com-
posed mostly of Cambrian and Lower Ordovician carbon-
ates (Elbrook Limestone and Knox Group) (Nichol, 1959;
McGuire, 1970; Amato, 1974; Karpa, 1974). The Pine
Hills syncline is located within the Pulaski thrust sheet,
which, in the study area, is composed dominantly of Middle
Cambrian Elbrook Limestone to Middle Ordovician Paper-
ville Shale of Cooper (1956) (Liberty Hall Formation of
Campbell (1905)) and Martinsburg Shale. The location of
the study area is shown in figure 2. Karpa (1974) estimated
the minimum horizontal displacement from the crest of the
Blue Ridge anticlinorium to the trough of the Pine Hills
syncline to be 49.9 km. The present displacement is
approximately 13 km. The present distribution of the
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Figure 3. Stratigraphy of the Fincastle-Roanoke area of Virginia (Cooper, 1960; Karpa, 1974; Read, 1980).

stratigraphic units in the Fincastle-Roanoke area (fig. 3) is
very complex owing to folding and faulting. Many facies
changes take place along strike, and inconsistencies occur
in naming formations. The various formation names used
for the local stratigraphy of the Pine Hills area between
1937 and 1989 are summarized in table 1.

The Fincastle Conglomerate is restricted to the over-
turned Pine Hills syncline (fig. 4), located approximately 1
km north of the town of Fincastle, in Botetourt County,
Virginia. The unit trends N. 30° E. for about 3 km and is
truncated to the southwest by the Salem fault, a splay of the
Pulaski fault (Nichol, 1959; McGuire, 1970; Karpa, 1974).
This thrust fault places Cambrian-Ordovician carbonates
over the Middle Ordovician strata of the Pine Hills area.

The Fincastle is well exposed on the limbs of the fold
in two roadcuts along U.S. Route 220 (fig. 4, section 3).
Much of the work on this unit was completed before the
most recent roadcuts were made in 1974 and before a new
quarry was opened in 1982 (Stow and Bierer, 1937; Butts,
1940; Decker, 1952; Andrews, 1952; Nichol, 1959; Coop-
er, 1960; McGuire, 1970; Tillman and Lowry, 1971;
Karpa, 1974). Dixon Quarry offers the most complete
stratigraphic section (fig. 4, section 1) . The Fincastle is

also exposed at the nose of the syncline along Catawba
Creek (fig. 4, section 2).

PURPOSE AND METHODS

The purpose of this study was to document the facies
present in the Fincastle Conglomerate, to determine possi-
ble depositional processes for each facies, and to suggest a
probable environment of deposition. The fieldwork con-
sisted mainly of compiling detailed descriptions of three
stratigraphic sections detailed below. Eleven thin sections
were made from six sandstone samples and three conglom-
erate matrices taken from the quarry section (fig. 4, section
1). Approximately 100 grains per slide were point counted
for lithology and grain size.

RESULTS

Reconnaissance field observations showed the con-
glomerate body to be exposed only within the overturned
Pine Hills syncline, as previous workers had reported
(Andrews, 1952; Nichol, 1959; McGuire, 1970; Tillman

Depositional Environment of the Fincastle Conglomerate near Roanoke, Virginia  H3
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this fan environment. The roundness of the gravel-sized
clasts indicates that they were resedimented from another
depositional environment (possibly a stream or delta) rather
than eroded during the canyon formation. The extensive
deformation of large mud clasts found in many of the beds
suggests that they were unconsolidated at the time of
deposition and eroded from the sea floor or canyon walls.

The lithologies of the gravel-sized clasts and the rock
fragments of the sandstones indicate that they were derived
from rocks of Cambrian and Ordovician ages in the
Fincastle-Roanoke area. Quartzite, meta-arkose, metacon-
glomerate, sandstone, and shale clasts were probably
derived from the Chilhowee Group. Phyllites and slates also
may have been derived from the Chilhowee or the Rome
Formation. The calcareous gray and red shale pebbles and
rock fragments may have been eroded from the Rome
Formation, the Liberty Hall Formation, or the Bays Forma-
tion. The Bays Formation probably also contributed sand-
stone and siltstone clasts. Limestone and chert clasts of the
Fincastle were most likely derived from the Cambrian and
Ordovician limestones and dolomites (Elbrook Limestone,
Knox Group, New Market Limestone, Lincolnshire Lime-
stone, Botetourt Limestone of Cooper and Cooper (1946)).
No plutonic or volcanic clasts were observed. Furthermore,
no clasts could be attributed to derivation from the Blue
Ridge Precambrian basement (the Marshall Metagranite), as
previous workers had reported (Decker, 1952; Tillman and
Lowry, 1971; Lowry and others, 1972; Lowry, 1974;
Karpa, 1974). Therefore, the theory that the basement of
the Blue Ridge complex or the western Piedmont contrib-
uted to the sediments of the Fincastle is not supported by
this study. However, it is clear that erosion had cut through
the stratigraphic sequence down into the Chilhowee Group
by the Middle Ordovician.

As part of the Middle Ordovician clastic wedge, the
Fincastle Conglomerate is an important record of the early
tectonic events and the paleoenvironments of the Appala-
chian basin. As more research is completed on ancient and
modern submarine fans—and particularly on the conglom-
erates associated with them —understanding of the Fincastle
should be greatly enhanced.
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APPENDIX A: STRATIGRAPHIC SECTIONS

Section locations shown in figure 4. Graphic repre-
sentations shown in figures Al and A2. Bed numbers are
those referred to in table 2, figures Al and A2, and
appendix B. Bed thicknesses are given in parentheses after
each description.

Stratigraphic Section 1

Top of section

81. Siltstone, light gray (N7), well laminated, calcareous; thinly
bedded with very fine grained, dusky yellow (5 Y 6/4),
calcareous sandstone. (38.10 m)

Covered. (17.48 m)

80. Siltstone, sandstone, and fine layers of fossil debris, light gray
(N7), thinly bedded in cycles. (0.91 m)

79. Shale, medium gray (NS), well laminated, very fissile,
somewhat calcareous. Partially covered. Moved from outcrop
to stream bed to measure. (28.35 m)

Minor fault, covered at base, runs up to soil horizon, downdip
lineations on surface. N. 65° E., 66° SE.

78. Shale, olive gray (5 Y 4/1), finely laminated. (0.30 m)

77. Sandstone, grayish red (10 R 4/2), very fine grained, finely
laminated, calcareous. (0.15 m)

76. Shale, olive gray (5 Y 4/1), very finely laminated, thinly
interbedded with grayish red (10 R 4/2), very fine grained,
finely laminated, calcareous sandstone. (0.23 m)

75. Sandstone, grayish red (10 R 4/2), very fine grained, finely
laminated, calcareous. (0.10 m)

74. Shale, olive gray (5 Y 4/1), very finely laminated, thinly
bedded, calcareous. (0.76 m)

73. Sandstone, grayish red (10 R 4/2), medium grained, evenly
medium bedded, calcareous. (0.30 m)

72. Shale, olive gray (5 Y 4/1), well laminated, calcareous. (0.25
)

71. Sandstone, light brownish gray (5 YR 6/1), very fine grained,
finely laminated, calcareous. (0.15 m)

70. Shale, medium light gray (N6) and dusky yellow (5 Y 6/4);
highly convoluted, folds ranging in size from 5 mm to greater
than 1 m; calcareous. (3.96 m)

69. Siltstone, medium dark gray (N4), medium bedded, ripples(?)
on bedding surfaces, very sparsely fossiliferous (Lingula);
severely weathered on most surfaces, possibly a faulted zone.
(48.15 m)

68. Shale, medium light gray (N6), dark gray (N3), and dusky
yellow (5 Y 6/4); highly convoluted, folds ranging in size
from 5 mm to greater than 1 m; calcareous, fossiliferous
(brachiopods, bryozoans, trilobites, graptolites, bivalves),
becoming more fossiliferous toward the top of the bed; rare
pebbles (limestone, shale, rare well-rounded quartz) floating
throughout the bed. (15.85 my)

67. Shale, olive gray (5 Y 4/1), very fissile, partially covered;
possibly the base of the thick, convoluted shale bed; contacts
covered. (1.22 m)

Depositional Environment of the Fincastle Conglomerate near Roanoke, Virginia

66.

65.

64.

63.

62.

61.

59.

58.

57.

56.

55.

54.
53.

52.
S1.
50.
49.

48.

47.

46.

45.

Siltstone, medium light gray (N6), somewhat muddy, lami-
nated and cross-laminated. (0.86 m)

Sandstone, grayish orange (10 YR 7/4) to moderate yellowish
brown (10 YR 5/4), upper fine grained, cross-laminated.
(0.36 m)

Silty shale mottled medium dark gray (N4) and white (N9),
fissile, commonly rippled. (0.64 m)

Sandstone, very fine grained, light olive gray (5 Y 6/1) to
greenish gray (5 GY 6/1), ripple cross-lamination. N. 70° E.,
46° S. (0.46 m)

Silty shale mottled medium dark gray (N4) and white (N9),
fissile, slightly calcareous. (0.30 m)

Sandstone, very fine grained, medium light gray (N6); shows
cross-laminations and ripples. (0.74 m)

. Silty shale, olive gray (5 Y 4/1) to light gray (N7), well

laminated, very fissile; few light-brown (5 YR 6/4) sandy
layers in base only. (0.25 m)

Sandstone, light brown (5 YR 6/4), lower coarse grained, well
laminated; indistinct cross-laminations; a few granule lenses
of quartz and chert. (0.28 m)

Silty shale, light gray (N7) to light olive gray (5 Y 6/1), thinly
bedded with olive gray (5 Y 4/1) fissile shale; millimeter-thick
silty lenses; ripple cross-lamination. (1.73 m)

Sandstone, pale reddish brown (10 YR 6/2), upper medium
grained, finely laminated. (0.05 m)

Sandstone, lower coarse grained, and pebble conglomerate,
pale reddish brown (10 YR 6/2), irregularly interbedded in
stringers with olive gray (5 Y 4/1) shale in an approximately
even mix. (0.28 m)

Sandstone, moderate brown (5 YR 4/4), upper fine grained;
contains lenses of olive gray (5 Y 4/1) shale; very discontin-
uously bedded; coarsens up into conglomerate with shale
clasts in last 0.15 m. (3.25 m)

Siltstone, olive gray (5 Y 4/1), discontinuous. (0.05 m)
Sandstone, light to moderate brown (5 YR 5/6-5 YR 4/4),
upper medium grained; interference ripples found on bedding
surfaces; a few olive-gray (5 Y 4/1) shale interbeds. (0.35 m)
Shale, olive gray (5 Y 4/1), well laminated. (0.02 m)
Sandstone, dark olive gray (5 Y 3/1), upper fine grained.
(0.05 m)

Shale, olive gray (5 Y 4/1), well laminated. (0.09 m)
Sandstone, light to moderate brown (5 YR 5/6-5 YR 4/4),
upper medium grained; upper 5 cm are interbedded with olive
gray shale (5 Y 4/1). (0.79 m)

Shale, olive gray (5 Y 4/1), finely bedded with light-brown
medium-grained sandstone; ripples found on bedding sur-
faces; similar to bed 46 but containing more sand; upper
contact scoured. (0.18-0.43 m)

Sandstone, light to moderate brown (5 YR 5/6-5 YR 4/4),
lower coarse grained, massive; contains very minor shale
clasts, ripples on top surface only. (0.43 m)

Shale, olive gray (5 Y 4/1), “lumpy” appearance owing to the
content of approximately 50 percent stringers of moderate
brown (5 YR 4/4), medium-grained sandstone; quartz gran-
ules throughout; top surface scoured by overlying sandstone;
pebbles found lower along contact. (0.28 m)

Sandstone, light to moderate brown (5 YR 5/6-5 YR 4/4),
lower coarse grained; bulbous sole marks found on basal
contact and ripples found on bedding surfaces; granule lenses
found at base. (0.41 m)
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44,

43.

42.

41.

39.

38.

37.

36.

35.

34.

33.

32.
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Shale, olive gray (5 Y 4/1), contains minor sand stringers.
(0.43 m)

Conglomerate, interbedded discontinuous layers. (1) Con-
glomerate, moderate to reddish brown (10 R 4/6), sandy
matrix, granule- to pebble-sized clasts and rare cobbles,
randomly oriented clasts, clast supported; clasts are of sand-
stone, quartzite, limestone, quartz, and shale; coarsens
upward. (2) Sandstone, light brown (5 YR 6/4), lower coarse
grained, subrounded; contains small intraformational shale
clasts oriented parallel to bedding and pebbly lens of con-
glomerate, interference ripples and sole marks found on
sandstone bedding surfaces. (3) Shale, olive gray (5 Y 4/1),
convolute bedding, generally found as irregular clasts, may
contain stringers of the sandstone. Most of the discontinuous
units have sharp contacts between them. (4.09 m)
Sandstone, interbedded discontinuous lenses of (1) conglom-
erate, grayish orange (10 YR 7/4), sandy matrix, granule- to
pebble-sized clasts, clast-supported; (2) sandstone, light
brown (5 YR 6/4), lower coarse grained, well rounded,
contains tiny shale clasts and interference ripples; (3) shale,
olive gray (5 Y 4/1), fissile. (3.56 m)

Shale, olive gray (5 Y 4/1), laminated; contains irregular
lenses of mudstone and medium-grained sandstone; minor
single, floating pebbles throughout. (2.62 m)

. Pebbly sandstone, dark to moderate yellowish brown (10 YR

4/2-10 YR 5/4), coarse grained, arkosic. (0.20 m)

Silty shale, olive gray (5 Y 4/1) to light olive gray (5 Y 6/1);
finely laminated and fissile; contains unevenly distributed
zones of pebbles. (0.38 m)

Conglomerate, dark olive gray (5 Y 3/1), upper medium-
grained sandy matrix, granule- to cobble-sized clasts of
grayish black quartzite, shale, limestone, quartz, and sand-
stone, matrix supported; larger clasts oriented parallel to
bedding; fines upward; contains large, medium-dark-gray
(N4) shale lenses. (1.20 m)

Sandstone, olive gray (5 Y 4/1) to light olive gray (5 Y 6/1),
upper fine grained. (0.12 m)

Silty shale, olive gray (5 Y 4/1) to light olive gray (5 Y 6/1);
finely laminated and fissile; contains unevenly distributed
zones of pebbles. (0.38 m)

Conglomerate, dark olive gray (5 Y 3/1), granule-to cobble-
sized clasts of grayish-black quartzite, shale, limestone,
quartz, and sandstone, upper medium-grained sandy matrix,
matrix supported; larger clasts oriented parallel to bedding;
general fining-upward trend; contains large, medium-dark-
gray (N4) shale lenses. (3.30 m)

Siltstone, light olive gray (5 Y 6/1), micaceous. (0.20-0.38
m)

Conglomerate, dark gray (N3) to grayish red (10 R 4/2);
matrix is a fissile, slightly calcareous shale; pebble- to
cobble-sized clasts of limestone, quartzite, and quartz, matrix
supported; contains clasts of grayish black quartzite, shale,
and sandstone; larger clasts oriented parallel to bedding at the
base; matrix may show convolute laminations; contains large,
medium-dark-gray (N4) shale lenses and lenses of upper
coarse-grained grayish-orange sandstone (10 YR 7/4). (2.68
m)

Sandstone, medium gray (N5) to grayish orange (10 YR 7/4),
upper medium grained, massive, discontinuous; interfingers
laterally with siltstone bed 31. (0.27 m)

Evolution of Sedimentary Basins—Appalachian Basin

30.

29.

28.

27.

26.

25.

24.

23.

22.

21.

20.

19.

18.

. Siltstone, medium dark gray (N4) to grayish orange (10 YR

7/4), laminated, discontinuous; interfingers laterally with
overlying sandstone bed 32; basal contact poorly exposed.
(0.45 m)

Shale, olive gray (5 Y 4/1) showing patches of dusky red (5 R
3/4). (0.98 m)

Sandstone, light olive gray (5 Y 6/1), medium grained,
contains indistinct cross-laminations. (0.06 m)
Conglomerate, light olive gray (5 Y 6/1), coarse sandy matrix;
very large cobble-sized clasts of limestone, shale, quartz,
sandstone and quartzite, clast supported; dramatic fining
upward to just a pebbly sand in last 2 cm. (1.06 m)
Conglomerate, light grayish orange (10 YR 7/4), silty matrix,
granule- to pebble-sized clasts of quartz, sandstone, shale,
and quartzite, clasts randomly oriented, matrix supported;
contains large lenticular clasts of laminated and convoluted
medium-dark-gray (N4) and dusky-red (5 R 3/4) shale ranging
in length from 0.20 to 1.0 m and oriented approximately
parallel to bedding. (1.43 m)

Sandstone, medium light gray (N6), lower medium grained,
contains indistinct ripple cross-lamination and lenses of peb-
ble conglomerate; discontinuous, ends abruptly laterally
against conglomerate below. (0.10 m)

Conglomerate, olive gray (5 Y 4/1), shaley matrix, pebble- to
cobble-sized clasts of quartzite, limestone, sandstone, shale,
and quartz, matrix supported; clasts chaotically oriented;
general fining-upward trend; matrix may show convolute
laminations; contains large, lenticular clasts of medium-
dark-gray, finely laminated, rolled and folded shale ranging in
length from 0.34 m to 1.30 m; conglomerate scours into shale
below. (2.35 m)

Shale, medium dark gray (N5), very finely laminated; con-
tains several 2- to 5-cm-thick medium-dark-gray, sandy silt-
stone beds and floating pebbles. (0.71 m)

Sandstone, medium gray (NS5), lower fine grained, massive.
(0.06-0.12 m)

Shale, medium dark gray (N4), very finely laminated. (0.53
m)

Shale, medium dark gray (N4), very finely laminated; com-
pressed between sandstone bed 19 and conglomerate bed 20;
interfingers laterally with the underlying sandstone and con-
glomerate. (0.10-0.20 m)

Conglomerate, greenish gray (5 GY 6/1) to grayish orange (10
YR 7/4), matrix of lower fine-grained, grayish-orange (10 YR
7/4) sandstone, granule- to cobble-sized clasts of quartzite,
shale, and quartz, clast supported, very poorly sorted; inter-
fingers laterally with underlying sandstone. (0.57-0.77 m)
Sandstone, grayish orange (10 YR 7/4), lower fine grained,
massive; contains medium-dark-gray (N4), finely laminated,
convoluted shale clasts; interfingers laterally with overlying
conglomerate; thickens and thins dramatically; upper contact
poorly exposed. (1.84 m (?))

Conglomerate, greenish gray (5 GY 6/1) to grayish orange (10
YR 7/4), matrix of lower fine-grained, grayish-orange (10 YR
7/4) sandstone, granule- to cobble-sized clasts of quartzite,
sandstone, quartz, and shale, clast supported, very poorly
sorted; coarsens upward slightly before fining upward into and
interfingering laterally with overlying sandstone. (1.35 m)



17.

16.

15.

14.

13.

12.

11.

10.

Sandstone, grayish orange (10 YR 7/4), lower fine grained,
massive; contains a few medium-dark-gray (N4), finely lam-
inated shale clasts along lower contact; interfingers laterally
with conglomerate. (1.42 m)

Shale, olive gray (5 Y 4/1), thinly bedded, contains a few
stray pebbles; separated and thinned along contact between
sandstone and conglomerate. (0.10-0.15 m)

Conglomerate, greenish gray (5 GY 6/1) to grayish orange (10
YR 7/4), sandy matrix, granule- to cobble-sized clasts of
sandstone, quartzite, shale, and quartz, clast supported, very
poorly sorted; large clasts up to approximately 0.60 m long of
medium-dark-gray (N4) shale and stray pebbles; discontinu-
ous beds of lower fine-grained, grayish-orange sandstone;
thins somewhat laterally; partially covered. (1.70 m)

Shale, olive gray (5 Y 4/1), finely bedded, contains a few
stray pebbles. (0.28 m)

Conglomerate, silty matrix, grayish orange (10 YR 7/4),
pebble- to cobble-sized clasts, clast supported; mostly cov-
ered. (0.34 m)

Sandstone, grayish orange (10 YR 7/4), lower fine grained,
contains a few floating granules; thins laterally. (0.35-
0.18 m)

Conglomerate, grayish orange (10 YR 7/4), silty matrix,
pebble- to cobble-sized clasts, clast supported; mostly cov-
ered. (0.36 m)

Sandstone, grayish orange (10 YR 7/4), lower fine grained,
contains a few floating pebbles and pebble lenses. (0.05 m)

. Conglomerate, grayish orange (10 YR 7/4), silty matrix,

pebble- to cobble-sized clasts of limestone, shale, quartz,
sandstone, and quartzite, clast supported; General fining-
upward trend; rarely has larger clasts located near upper
contact; partially covered. (0.39 m)

. Sandstone, grayish orange (10 YR 7/4), lower fine grained,

contains a few floating pebbles and pebble lenses. (0.70 m)

. Conglomerate, greenish gray (5 GY 6/1) to grayish orange (10

YR 7/4), silty matrix, pebble-sized clasts of quartz, sand-
stone, limestone, and shale, matrix supported; the flattened
pebbles appear imbricated; generally fines upward, although
several larger clasts are found near the upper contact; contains
a few small intraformational shale clasts (<0.20 m). (0.43 m)

. Sandstone, olive gray (5 Y 4/1) to yellowish gray (5 Y 8/1),

lower fine grained; contains a few pebble lenses and floating
clasts, particularly near the upper contact; thins laterally.
(0.50 m)

. Conglomerate, greenish gray (5 GY 6/1) to grayish orange (10

YR 7/4), silty matrix, pebble-sized clasts of shale, quartzite,
sandstone, and quartz, clast supported; contains several lenses
of grayish-orange (10 YR 7/4), medium-grained sand; scoured
lower contact; poorly exposed. (1.05 m)

. Sandstone, moderate yellowish brown (10 YR 5/4), lower

medium grained, massive, discontinuous. (0.80 m)

. Conglomerate, medium dark gray (N4) to grayish orange (10

YR 7/4), silty matrix, pebble- to cobble-sized clasts of
sandstone, quartzite, quartz, and shale, clast supported; many
of the elongate clasts are oriented parallel to bedding; mod-
erately well sorted; coarsens, then fines upward; small intra-
formational shale clasts, about 0.30 m, along basal contact.
(1.14 m)

. Conglomerate, medium dark gray (N4) to grayish orange (10

YR 7/4), silty matrix, pebble- to cobble-sized clasts of

Depositional Environment of the Fincastle Conglomerate near Roanoke, Virginia

sandstone, shale, quartz, and quartzite, matrix supported;
many elongate clasts are oriented parallel to bedding; gradual
but dramatic fining upward; scoured lower contact. (1.90 m)

1. Shale, olive gray (5 GY 4/1) to dusky yellow (5 Y 6/4), free
of clasts, convoluted bedding with folds ranging from 1 to 30
mm; contains wispy laminations of silt. (3.53 m)

Bottom of section

Stratigraphic Section 2

Top of section

11. Conglomerate, medium dark gray (N4) to grayish orange (10
YR 7/4), medium-grained sandy matrix, granule- to cobble-
sized clasts of limestone, quartz, shale, sandstone, and
quartzite, matrix supported. (1.65 m)

10. Sandstone, medium dark gray (N4) to grayish orange (10 YR
7/4), finely bedded. (0.38 m)

Covered. (Approximately 2.00 m)

9. Siltstone and sandstone interbedded, medium dark gray (N4)
to grayish orange (10 YR 7/4), finely bedded; possibly
coarsens up into sandstone above. (1.86 m)

Moved approximately 20 m to the northwest.

8. Shale, olive gray (5 Y 6/1), fissile, contains thin discontinu-
ous beds of conglomerate similar to the beds below (15 m
thick). (0.91 m)

7. Sandstone, medium dark gray (N4) to grayish orange (10 YR
7/4), medium grained, contains rare floating pebbles; thickens
laterally to about 1 m. (0.20 m)

6. Conglomerate, medium dark gray (N4) to grayish orange (10
YR 7/4), granule- to pebble-sized clasts of quartz, laminated
shale, sandstone, and quartzite, medium-grained sandy
matrix, matrix supported; grades up into overlying sandstone.
(1.50 m)

5. Conglomerate, medium dark gray (N4) to grayish orange (10
YR 7/4), pebble-sized clasts of quartz, laminated shale,
sandstone, and quartzite, medium-grained sandy matrix, clast
supported; contains discontinuous beds of grayish-orange (10
YR 7/4) sandstone and olive-gray (5 Y 4/1) shale; grades up
into overlying pebble conglomerate. (1.50 m)

4. Shale, light olive gray (5 Y 6/1), silty, very fissile. Discon-
tinuous (goes from 0.81 m to nothing laterally over a short
distance). (0.00-0.81 m)

3. Conglomerate, medium dark gray (N4) to grayish orange (10
YR 7/4), pebble- to cobble-sized clasts of quartz, laminated
shale, sandstone, and quartzite, medium-grained sandy
matrix, clast supported; contains discontinuous beds of
grayish-orange (10 YR 7/4) sandstone and olive-gray (5 Y
4/1) shale; grades up into overlying pebble conglomerate.
(1.50 m)

2. Conglomerate, medium dark gray (N4) to grayish orange (10
YR 7/4), pebble- to cobble-sized clasts of quartz, laminated
shale, sandstone, and quartzite, medium-grained sandy
matrix, clast supported; contains discontinuous beds of
grayish-orange (10 YR 7/4) sandstone and olive-gray (5 Y
4/1) shale; grades up into overlying pebble and cobble
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conglomerate; the first four conglomerate beds show a gradual
decrease in grain size upward in what is basically the same
lithology. (1.50 m)

1. Shale, light olive gray (5 Y 6/1), finely laminated to thinly
bedded, very fissile; lower contact covered (Paperville
Shale?).

Bottom of section

Stratigraphic Section 3

Covered. (6.58 m)

11. Sandstone, medium dark gray (N4) to grayish orange (10 YR
7/4), upper coarse grained, granular and gravelly; poorly
exposed. (0.36 m)

10. Shale, medium dark gray (N4), well laminated, fissile. (0.97
m)

9. Sandstone, medium dark gray (N4) to grayish orange (10 YR
7/4), medium grained; rarely contains intraformational shale
clasts (<1 cm); both lower and upper contacts are poorly
exposed. (1.26 m)

8. Sandstone, medium dark gray (N4) to grayish orange (10 YR
7/4), medium grained, and shale, medium olive gray (5 Y
4/1), interbedded; demonstrates flame structure. (0.57 m)

H24  Evolution of Sedimentary Basins— Appalachian Basin

Covered. (5.97 m)

7. Shale, medium dark gray (N4), well laminated, fissile,
calcareous. (2.62 m)

Covered. Limestone, then shale float. (0.44 m)
Salem Fault
Covered. Limestone float. (60.41 m)
6. Limestone, medium dark gray (N4), slightly silty. (9.71 m)
Covered. Limestone float. (18.32 m)

5. Limestone, medium gray (N5), thinly bedded. 0.80 m Cov-
ered. (1.93 m)
4. Limestone, medium dark gray (N4), thinly bedded. (3.35 m)

Covered. (36.25 m)
3. Limestone, dark gray (N4), thinly bedded. (0.25 m)
Covered. (6.25 m)

2. Shale, medium dark gray (N4), finely laminated, slightly
calcareous. (0.75 m)
1. Limestone, dark gray (N4), thinly bedded. (6.45 m)

Bottom of section



APPENDIX B. GRAIN-SIZE MEASUREMENTS OF
GRAVEL-SIZED CLASTS

Mean Mean
Bed Size size Bed Size size
no. (mm) Lithology (mm) Comments no. (mm) Lithology (mm)  Comments
Transect 31 Transect 27
43 ..... 32 Quartz 29.1 Majority of 35..... 58 Gray limestone 414
40 Shale clasts less than 49 Crystalline limestone
19  Sandstone 15 mm. 20 Gray limestone
22 Quartz 15 Quartz
20 Shale 18 Gray limestone
32 Sandstone 15 Crystalline limestone
24 . do......... 49 Dark-green limestone
47 Dark-green quartzite 92  Gray limestone
24  Quartz 80 Dark-green quartzite
36 Sandstone 64 ... do.........
24  Shale 18 Gray limestone
Transect 30 19 ......... do.........
43 ... 39 Sandstone 22.1 Transect 26
40 Dark-green quartzite 35..... 80 Gray limestone 39.8
15 Quartz 47 Dark-green quartzite
22 Gray limestone 38 Gray quartzite
24  Sandstone 22  Gray limestone
20 Dark-green quartzite 48 Dark-green quartzite
15 Sandstone 50 ...l do.........
15 Shale 92 .. do.........
15 Quartz 48 Crystalline limestone
16 ... do......... 15 Shale
22 Gray limestone 15 ... do.........
A2 Conglomerate 15 Shale
bed 42 too 38 Dark-green quartzite
sparse to 32 do.........
measure. 32 Crystalline limestone
Transect 29 %; Quartz 4
< 2o s . 0..ueene
3B gg gg}f ﬁfzzlsltg::n zite 32.9 28 Crystalline limestone
24 Shale 18 Dmk-gmen quartzite
42 Gray limestone 28 Gray limestone
32 Dark-green quartzite 76 ... do......... .
18  Gray limestone 24 Dark-green quartzite
16 Quartzite 79 ... ..d() .........
54 e do......... >4 Gray limestone
19 Gray limestone Transect 25
64 Crystalline limestone 35..... 40 Dark-green quartzite 47.5
Transect 28 80 Gray limestone
38..... 80 Dark-green quartzite 441 46 Crystalline limestone
75 . do......... 38 Dark-green quartzite
60 i dorrri. 58 Black quartzite
60 ......... do......... 47  Dark-green quartzite
48  Gray limestone 50 Crystalline limestqne
45 Dark-green quartzite 25 Dark-green quartzite
33 Gray limestone 58  Shale .
22 .l do......... 43 Dark-green quartzite
25 Quartz 30 ...l do.........
48 DaIk-green limestone 31 ... do.........
54 . do......... AL do.........
15  Quartzite 78 Crystalline limestone
25 Gray limestone Transect 24
28 Quartz 33..... 15 Gray limestone 29.0
21 ..l do.........
37 el do.........
22 Dark-green quartzite
18 Gray limestone

Depositional Environment of the Fincastle Conglomerate near Roanoke, Virginia
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Mean Mean

Bed Size size Bed Size size
no. (mm) Lithology (mm)  Comments no. (mm) Lithology (mm)  Comments
Transect 24— Continued Transect 18

22 ... do......... 25..... 17 Dark-green quartzite 26.3

18 Dark-green quartzite 15 ... do.........

40 Gray limestone 15 Quartz

47 Dark-green quartzite 15 Dark-green quartzite

48 ... do......... 40 ......... do.........

18 Quartz 22 Quartz

23 do......... 30 Shale

32 Gray limestone 15 Dark-green quartzite

45 Dark-green quartzite 15 Quartz

Transect 23 34 ... . do.........

28..... 85 Dark-green quartzite 73.1 34 Gray limestone

22 Sandstone

83 Gray limestone 22 Gray limestone

23 Dark-green quartzite

9 do......... 28  Dark-green quartzite

15 Shale 35 do.........

42 Quartz 27 el do.........

57 oo donenne. 50 . do.........

89 Dark-green quartzite 28 Sandstone

57 e do......... Transect 17

24 Shale 25..... 15 Quartz 43.8

79 Sandstone 30 Dark-green quartzite
160 Dark-green quartzite 35 do.........

27 do......... 39 Gray limestone

448 ......... do......... 17 ... do.........

28 Quartz 48 ... do.........

80 ... do......... 110 Dark-green quartzite
140 Sandstone 36 Gray limestone
180 ......... do......... i do.unnnn.

Transect 22 92 Dark-green quartzite
27..... 25 Dark-green quartzitt  21.5 Majority of 50 Gray limestone

20 Shaleg 4 clgtsts y 52 Dark-green quartzite

18 Sandstone <15 mm. 15 ... - do.........

32 Dark-green quartzite 22 Gray limestone

17 Quartz 80 Quartz

17 Sandstone 38 Dark-green quartzite

15 Gray limestone

Transect 21 18 Quartz
27..... 15 Dark-green quartzite 18.8 Majority of Transect 16
15 Quartz clasts
20 Dark-green quartzite <15 mm. 20..... 20 Shale 33.9
75 Sandstone 21 e do......... '
62 Dark-green quartzite
Transect 20 40 Quartz
27..... 17 Quartz 23.2 Majority of 50 Shale
23 Sandstone clasts 27 Quartz
27 Dark-green quartzite <15 mm. 19 Shale
29 do......... 24 ... do.........
20 Quartz 42 Quartz
Transect 19 Transect 15
25..... 15 Dark-green quartzite 17.8 18..... 70 Dark-green quartzite 42.7
26 Gray limestone 87 e do.........
16 Dark-green quartzite 30 .. do.........
15 Quartz 67 eene.. do.........
15 Dark-green quartzite 34 do.........
15 Quartz 15 Quartz
20 Gray limestone 15 Dark-green quartzite
15 Quartz 22 Shale
15 ... do......... 27 Dark-green quartzite
24 Dark-green quartzite 25 e do.........
18 ......... do......... 40 ......... do.........
20 Gray limestone 80 Sandstone
18 Quartz
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Mean Mean
Bed Size size Bed Size size
no. (mm) Lithology (mm) Comments no. (mm) Lithology (mm) Comments
Transect 14 Transect 9
18..... 27 Dark-green quartzite 36.0 Toeon.. 15 Quartz 27.2
K7 do......... 15 Sandstone
40 Shale 15 Shale
35 Dark-green quartzite 20 Quartz
37 Quartz 28 Shale
64  Dark-green quartzite 27 Gray limestone
15 Quartz 32 do.........
Transect 13 4 ... do......... )
15..... 40  Sandstone 35.6 ;; D ark-grgsn quartzite
s o B e 45 Shale |
24  Shale 3451 Dark—gr;sn quartzite
30 o S e 33 Shale
47  Quartz Transect 8
45 Dark-green quartzite 5...... 37 Sandstone 30.4
29 Quartz 28 Dark-green quartzite
17 Shale 20 ... do.........
32 Dark-green quartzite 47 .l do.........
33  Quartz 26 ... do.........
57 Dark-green quartzite 32 do.........
30 Quartz 52 Shale
11, 13 o e Conglomerate 18 Quartz
beds 11 and 13 22 do.........
are too sparse 22 Dark-green quartzite
to measure. Transect 7
Transect 12 3...... 111 Dark-green quartzite 33.8
9...... 15 Quartz 18.0 Majority of 42 . do.........
15 Sandstone clasts 24 ... do.........
17  Shale <15 mm. 28 ... do.........
23 do......... 35 e do.........
20 Dark-green quartzite 30 Quartz
18 Sandstone 20 ... do.........
Transect 11 26 ..o do.........
9...... 34 Gray limestone 31.6 18 Sandstone
22 Shale 30 ......... do......... .
43 Quartz 15 Dark-green quartzite
22 Dark-green quartzite 46 Sandstone
30 Qual’tz 15 Quartz
68 Gray limestone Transect 6
25 Dark-green quartzite 3...... 90 Sandstone 50.0
30 ..., do......... 69 Quartz
27 Gray limestone 74 Sandstone
20 Dark-green quartzite 37 Dark-green quartzite
22 e do......... 33 Quartz
25 . do......... 30 Dark-green quartzite
25 do......... 62 ... do.........
47 ... do......... 52 Shale
36 Quartz 22 Dark-green quartzite
30 Sandstone 58 Sandstone
Transect 10 23 Quartz
T <15 No clasts Transect 5
>15 mm in the 3., 23 Sandstone 443
top 20 cm of 25 e do.........
bed 7. 36 Dark-green quartzite
32 Sandstone
20 ...l do.........
62 ... do.........
31 . do.........
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Bed
no.

Size
(mm)

Mean
size
Lithology (mm)

Comments

Transect 5—Continued

52

112

15

120
20

Dark-green quartzite

Quartz

15 No clasts

>15 mm in the
top 20 cm of
bed 2.

Transect 3

Shale 29.3
Gray limestone

Dark-green quartzite
Brown limestone
Sandstone

Brown limestone
Gray limestone

Dark-green quartzite
Gray limestone

Transect 2

Sandstone 324
Dark-green quartzite

Black quartzite

Gray limestone

Brown limestone

Dark-green quartzite

Brown limestone

Brown limestone
Gray limestone

Transect 1

Sandstone 40.2
Shale

Quartz

Brown quartzite

Quartz

Dark-green quartzite
Brown limestone

Black quartzite
Dark-green quartzite
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